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Abstract 
Medicinal plants have always been used and preferred to allopathy medicine par-
ticularly in developing countries due to their accessibility and affordability. These 
plants have phytochemicals which can be manufactured in their systems to ensure 
the survival against harsh conditions such as ultra violet (UY) radiation. Some of 
these substances include phenolic compounds which when ingested can be utilised 
to boost the immune system of an individual. The challenge however is the best way 
to extract these substances from the plants. 
Conventional methods which use organic solvents are often used for the extrac-
tion of the essential compounds such as flavonoids, micro and macro elements. Dis-
ti lIation and soxhlet extraction for instance have mostly been used for the extraction 
of these essential compounds. These result in higher volumes of the organic sol-
vents which are not only expensive but also environmentally unfriendly. In this 
study, a novel technique based on pressurised hot water extraction (PHWE) was 
developed for the extraction of the essential compounds from Moringo sp leaves ex-
tracts. PHWE is a "green" approach which utilises only pressurised water at elevated 
temperature to extract essential compounds. PHWE was used for the extraction of 
essential compounds such as flavonols and minerals. 
Moringu Ole((ero samples were obtained from Polokwane and Atteridgeville in 
South Africa while Moringo Ovalifolia was obtained from five different sampling 
sites in Namibia. These are Okahandja (site I), Okaukuejo also known as Ghost 
forest (site 2), Halali (site 3) which is situated in Etosha national park, TSllmeb (site 
4) and Keetmanshoop (site 5) in the Karas region. No research work has been done 
regarding this particu lar Nami bian M oringCl species. 
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In this study, Flavonols were investigated for their phenolic compounds. Antiox-
idant properties were investigated using three indicators being the reducing activity, 
DPPH radical scavenging activity and the total phenolic content. Moringa O/eifera 
is highly dominated by kaempferol. The extraction temperature of I OOUC was found 
to be optimal for the release of kaempferol as about :I 500 mg kg- 1 was recovered. 
lOODC extraction temperature was also optimal for myricetin as the highest concen-
tration of 2699 mg kg- 1 was found. An optimal concentration of 1488 mg kg- 1 
for quercetin was found at 150°C extraction temperature. Extraction temperature 
influence the extraction efficiency of the flavonols which often exist as glycosides. 
These glycosides need to be cleaved by acid hydrolysis to release the aglycones 
of these flavonols which can then be quantified. Myricetin unlike the other two 
flavonols did not survive hydrolysis and hence was injected directly into the High 
Performance Liquid Chromatography (HPLC). Reverse phase high performance liq-
uid chromatography with UV detector set at a wavelength of 254 nm was used for the 
identification and quantification of these Aavonols. Myricetin was however found to 
survive acid hydrolysis with Moringa Ol'a/ifo/ia. 
Elemental composition of the leaves was determined using the Inductively Cou-
pled Plasma Optical Emission Spectroscopy (lCP-OES). The metals behaved dif-
ferently. In both Moringa sp, Na as compared to Ca, K and Mg increased with 
increasing temperature. It is possible that for Ca, K and Mg, the metals are loosely 
bound to the active sites as such temperature does not contribute significantly to 
their desorption. Among the macro nutrients extracted from the Morillgu O/cifcl'({, 
potassium was found to have highest concentrations than other metals at all extrac-
tion temperatures while in Moringa Ollo/i/o/ia Na was found to be highest in only 
sites 3,4 and 5. In the other two sites K was fOllndto be dominant. These variations 
could be influenced by geographical location. soil conditions. climatic conditions 
and others. 
Moril1ga Ovalijolia was found to have high concentratioris 9f As. This was ob-
served with samples from site 4 where mining occurs. It is thus possible that the 
soils are contaminated as sLlch MoringCl O\'uli/o/io accumulates these metals. The 
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total phenolics content (TPC) for Moringa Oleifera increased with temperature un-
til lSOoC and then decreased while in Moringa Ovalifolia the temperature was not 
affected by temperature. The reducing activity of the Oleifera leaf extracts was 
found to increase with increasing temperature while for Ovallfolia it remained con-
stant through out various temperatures. The DPPH radical scavenging activity of 
Oleifera leaf extracts indicated that extraction temperature of 1 OOIlC wa.~ optimal. 
Its minimal with fractions collected at 2S()C and almost nil with fractions collected 
at 200°e. When comparing the efficiency of the two species it was concluded that 
Moringa Oleifera is much more effective as it reduced the DPPH radical by almost 
30% while Moringa Ovalifolia reduced it by 120/(,. The UV-Vis set at 515 nm was 
used for the DPPH analysis while for the total phenolic contents and the reducing 
activity was set at 740 and 700 nm respectively. 
The above mentioned parameters were tested when the powder obtai ned from 
the leaves was boiled at different times to evaluate the extractability of essential 
compounds. This information would be useful for people living in communities that 
would benefit by using Moringa powder as a supplement in tea and other foods to 
enhance their nutritional values. 
The PHWE technqiue was found to be efficient in the extraction of the essentials 
from medicinal plants. The concentration values for minerals obtained using PHWE 
compared very well with those obtained by microwave extraction:. 
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Chapter 1 
Introduction 
Summary 
In this chapter, polyphenolic compounds found in medicinal plants are discussed and 
the advantages of using medicinal plants sllch as Moringa Oleirem. The traditional 
and conventional methods of extraction are discussed. Finally the need for green 
extraction techniques especially those whose extracts can be used for value additions 
in various foods is discussed. 
1.1 Essential nutrients in plants 
Epidemiological studies have consistently shown that regular consumption of fruits 
and vegetables is strongly associated with reduced risk of developing chronic dis-
eases, such as cancer and cardiovascular disease II]. Many plants, citrus fruits and 
leafy vegetables are the source of ascorbic acid, vitamin E, caratenoids, flavanols LInd 
phenolics which possess the ability to scavenge the free radicals in human body 121. 
The health-promoting properties of fruits and vegetables are due to the presence of 
some vitamins (A, C, E, and folates), dietary flber. and non-essential phytochemicals 
in these food products [3]. Plants contain many active compounds such as alkaloids. 
steroids, tannins. glycosides, volatile oils. fixed oils, resins, phenols and Aavonoids 
which are deposited in their specific parts such as leaves, flowers, bark, seeds, fruits, 
root and others [4]. There are more than 1.000 known naturally occurring bio(lctive 
molecules or phytochemicals that are non-nutritive plant chemicals and yet. have 
protective or disease preventive properties for human beings 151. Phytochemicals 
are defined as bioactive non-nutrient plant compounds in fruits, vegetables. grains, 
and other plant foods that have been linked to reducing the risk of major chronic 
diseases [11. To recover bioactive compounds from plant materials, efficient and re-
liable novel extraction techniques should be employed. Selection of the appropriate 
solvent for extraction of these bioactive compounds is a very important aspect that 
needs to be addressed in a judicious way so as to achieve the maximum concentra-
tion of desired phytoconstituents in plant extracts [61. 
1.2 Some functions of other chemicals in plants 
Micronutrients playa central role in metabolism and in the maintenance of tissue 
function [7]. The trace elements together with other macro nutrients are necessary 
for growth, normal physiological functioning and maintaining of life [8J. Plants like 
all other living creatures need nourishment to sustain life. Plants require 16 essential 
elements. Carbon, hydrogen and oxygen are derived from the atmosphere and soil 
water while the remaining 13 essential elements (nitrogen. phosphorus. pota.~sium. 
calcium. magnesium. sulfur. iron. zinc. manganese. copper. boron. molybdenum and 
chlorine) are supplied either from soil minerals and soil organic matter or by organic 
or inorganic fertilizers [9. 10J. These essential compounds can thus be accessed by 
human kind if the plants are ingested. The quantitative estimation of various trace 
elements concentrations are necessary for the effective determination of medicinal 
plants for the treatment of various diseases and also for the understanding of their 
pharmacological actions [11]. 
1.3 Traditional methods of extraction of plant Inate-
rials 
Traditional extraction techniques include solid-liquid extraction. soxhlet extraction. 
sonication and blending [12. 13]. A broad spectrum of solid-liquid extraction (SLE) 
techniques are widely used for the purification or natural products from plant materi-
als and micro-organisms r 12]. The disadvantage of these is that they are not selective 
to the analytes of interest which can results in compromised accuracy of the results 
as they can either be inhibited because of interference or not maximally extracted 
because of minimal selectivity. Another drawback of these techniques is that the 
obtained final extracts often require subsequent concentration and clean-up prior to 
analysi s [14]. This is not on Iy tedi OLIS bu t can pose a heal th threat if the ex tract is for 
food and medicines. They have long extraction times and high solvent consumption 
[14. 13]. In addition to that. traditionallTlethods of extraction may not be suitable for 
bioactive compounds that are sensitive. thermolabile and in minute concentrations. 
According to Roudsari et al 2009. [15] these methods may have undesirable effects 
on the environment and on food components hence "green" technologies would be 
more desirable. 
1.4 Modern Inethods of extraction of plant nlaterials 
Examples of modern methods of extraction include microwave assisted extraction 
(MAE), ultrasonication assisted extraction (UAE), supercritical fluid extraction (SFE) 
and solid phase micro extraction (SPME) [41. These are used in the determination of 
organics in either solids or aqueous samples depending on the particular technique. 
MAE can be used in solids while SPME can be used for aqueous samples. The 
advantages of modern methods include the reduction in the use of organic solvent 
and in minimizing sample degradation. They are faster as compared to traditional 
methods such as soxhlet which could run up to 24 hours. They also re.~ult in the 
elin,ination of undesirable and insoluble component~ from the extract 141. However. 
as research has advanced, better techniques such as pressurised hot water extraction 
(PHWE) has been developed. PHWE is perceived as a modification or pressurisec1 
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liquid extraction (PLE) and it was first introduced in 1994 [51. It is a "green" tech-
nique because it is environmentally friendly as it uses only water for extraction.Table 
1.1 below which is an excerpt from literature shows a comparison of the extraction 
efficiency of PHWE to traditional methods. The amount of baicalein. a chemical 
from the medicinal plant was extracted using PLE. soxhlet and PHWE. 
Table 1.1: Comparison of some traditional methods with PHWE when extracting baicalein 
in medicinal plants [16]. 
Phytochemical Number of plant PLE PHWE Soxhlet 
(mg/g) (mg/g) (mg/g) 
1 20.21 ± 0.94 24.28 ± 2.85 24.44 ± o.n 
baicalein 2 20.81 ± 0.49 22.81 ± 1.66 25.45 ± 0.04 
3 18.27 ± 0.84 
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Chapter 2 
Literature Review 
Summary 
This chapter highlights literature on Moringa sp. pertaining to its medicinal, nu-
tritional and other uses. Flavonoids, roles and sources of antioxidants, formation 
and degradation of radicals, synthetic and natural antioxidants, mineral content and 
green chemistry are discussed. Pressurised hot water extraction technique and ana-
lytical method used for quantification are also discussed. 
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2.1 Moringa species and its benefits 
Maringa Oleifera Lam, a member of the family Moringaceo is a small medium 
sized tree that grows ranging between 10 and IS m in height. It is widely cultivated 
in East and Southeast Asia, Polynesia and the West Indies [17 j. Moringo Olelfem is 
indigenous to north western India r 18. 19,201. The tree is widely distrihuted in India, 
Egypt, Philippines, Ceylon, Thailand. Malaysia, Burma. Pakistan, Singapore, West 
Indies. Cuha, Jamaica and Nigeria 1191. It is also cultivated in African countries 
such as Ghana. Kenya, Malawi and South Africa. It is also known hy the names of 
drumstick plant [21] kelor tree and horse radish tree r 17,18,22.231, 
There are thirteen species that are found in Moringacea. These include Moringa 
Oleifera, Moringa Arborea, Morillga Bor;,iOIl(/, Morillgu Conc(ll7ell.l'i.\, Moringa 
Droulwrdii, Moril1go Hildebralldtii, Morin,f!,o LOllgitu/)o, Morillgu o \'0 I Ifo/i(l , Moringa 
Peregrino, Moringa Pygmaea, Moringa Ril'oe, Moringo i?uspoliuIlU, 
Moringa Stel1opetola. Two of these were studied being Mnringo Oleiferu and Moringu 
Ovoli/ci/io. Moringo Oleifel"({ is now grown in many parts of the world including 
South Africa and is the most studied. Moringo Ol'ali/alia is found naturally mainly 
in Namibia and very little studies have been done on it. Figures 2.1 and 2.2 below 
show pictures of the trees. Moringa Oleifero thrives in sandy loamy soils while 
Moringo O\'alifalia grows naturally in rocky places ancl mountains. 
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Figure 2.1: Moringa Ovalifolia. 
Moringa Oleifera is coming to the forefront as a result of scientific evidence that 
it is an important source of naturally occurring phytochemicals and this provides a 
basis for future viable developments [24]. Phytochemicals are chemicals extracted 
from plants [25, 26] . These chemicals are classified as primary or secondary con-
stituents, depending on their role in plant metabolism. Primary constituents include 
the common sugars, amino acids, proteins, purines and pyrimidines of nucleic acids, 
chlorophyll's etc [25]. Earlier studies have also shown strong antioxidant and free 
radical scavenging activities of Moringa Oleifera leaves [17] which were also inves-
tigated in this study. 
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Figure 2.2: Moringa Oleifera. 
2.1.1 Medicinal value 
Medicinal plants have a long history of use in therapy throughout the world and still 
make an important part of traditional medicine [27, 28]. Several hundred genera 
are used medicinally, mainly as herbal preparations in the indigenous systems of 
medicine in different countries and are sources of very potent and powerful drugs 
which have stood the test of time and modern chemistry has not been able to replace 
most of them [29]. The use of plants as food and medicinal remedies since ancient 
times is partially attributed to the biological efficacy of secondary metabolites that 
possess antioxidant activities and other properties [30]. Examples include phenolic 
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compounds, vitamins C and E, carotenoids and others. Plant extracts rich in pheno-
lics are a potent source of antioxidants in the defence against free radicals [311. The 
past decade has seen a significant increase in the use of herbalilledicine due to their 
minimal side effects, availability and acceptability to the majority of the population 
of third world countries [32]. Among these plants, M()ringa O/cifero has its great 
contribution from ancient time with exceptional medicinal and nutritional properties 
which can resolve the health care needs in several situations 1221. Moril1go O/cifero 
commonly known as a "miracle tree" has been researched on and literature shows 
that it has both medicinal and nutritional properties. It is called a "miracle tree" 
because of its high content of nutritional chemicals in its parts. 
Quite often researchers and scientists use indigenous knowledge to advance In 
their respective fields. Even though there has been modern drug discovery and 
screening techniques, traditional knowledge .~ystems have given clues to the di~-
covery of valuable drugs 1331, Therefore, phytotherapy has been integrated into all 
systems of traditional medicine, often as the main source of healthcare in low- and 
l1liddle-income countries 1281. Herbal medicines have been focused as new sources 
of antioxidants with limited complications 1341. Research has therefore geared 
towards the identification of potential natural sources of antioxidants. Morillg({ 
O/ci/c'ro is considered as one of the world's most useful trees, as almost all parts 
of this plant have been used for various treatments of ascites, rheumatism and ven-
omous bites, and also as cardiac and circulatory stimulants 1351. Leaves of Morillgu 
OIeifera are known to have various biological activities, including hypolipidaemic. 
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antiatherosclerotic, prevention of cardiovascular diseases and antioxidant 1171. An-
timicrobial compounds of Moringa Oleifera have been validated after the discovery 
of inhibitory activity against several microorganisms [22]. Morillga leaf extracts 
were shown to contain compounds with widl>spcctrul11 antibacterial activity, capa-
ble of inhibiting the growth of gram-positive and negative bacteria 1361. A paste of 
the leaves is used as an external application for wounds [201. 
The seed kernels of Moringo Oleifero also showed promising effect in the treat-
ment of bronchial asthma [221. Chumark ('{ (II (2008) 1171 found that Morillga 
Oleifcra leaf extract suppresses the initiation and propagation of lipid pcroxidation, 
and owing to its phenolic content. it may help suppress atherosclerosis by scavenging 
hydrogen oxide radicals. Atherosclerosis (or arteriosclerotic vascular disease) ,ll.so 
known a.s "'hardening of the arteries" in simpler terms, is a conditioll whereby the 
blood vessels particularly arteries become narrowed and hardened as a consequence 
of build up of plaque around the arteries wall. This results in the heart pumping 
blood at high pressure and this may weaken the heart. posing serious cardiovascular 
complications. The potential therapeutic values against cancer, diabetes, rheumatoid 
arthritis and other diseases have earned this plant name of "'wonder tree" in Thailand 
[17]. 
2.1.2 Nutritional value 
According to Horwath and Benin (2011), [37[, Morillga shows great promise as a 
dietary supplement in areas with minimal access to healthcare, due to both high vi-
tamin content and documented antibacterial and anti-carcinogenic properties. All 
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parts of the Moringa tree are edible and have long been consumed by humans [26]. 
Flowers and young leaves are eaten as vegetables 120. 22. 231 . The tender pods 
are cooked or pickled and used in culinary preparations 138]. Leaves can be eaten 
fresh. cooked. or stored as dried powder for many months without refrigeration. and 
reportedly without loss of nutritional value Il~. 26]. The seed can be consumed 
fresh as peas or pounded. roasted. or pressed into ~weet. non-desiccating oiL COIll-
mercially known as Ben oil of high quality [24]. The dry leaves are reported to have 
four times the calcium of milk. thrice the potassium of bananas and seven times the 
vitamin C of oranges [181, 
Morillga trees have been used to combat malnutrition. especially among infants 
and nursing mothers 126]. The leaves are rich in iron and therefore highly recom-
mended for expecting mothers 1221. Mo/'illg([ leaves contain more Vitamin A than 
carrots. more calcium than milk. more iron than spinach. more Vitamin ethan 01'-
anges. and more potassium than bananas. and that the protein quality of Morillg([ 
leaves rivals that of milk and eggs [261. These leaves are also eaten commonly as a 
food by infants and children in south India. because the high content of b-carotenes 
helps to prevent the development of vitamin A deficiency blindness 139]. Even 
though in developing nations. Morillg({ is used as an alternative to imported food 
supplements to treat and combat malnutrition. especially among infants and nursing 
mothers by virtue of its chemical constituents coupled with their ubiquitous distri-
bution in the tree. reports still show a high rate of malnutrition in the world. Figure 
2.3 below shows the distribution of the Morillgo in the world and the countries with 
malnutrition. 
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Figure 2.3: Countries with malnutrition (a) and distribution of Moringa Oleifera [40]. 
2.1.3 Purification of water 
Contamination of ground water remains a major challenge because of human ac-
tivities such as mining, industrialization, agriculture to mention a few, that result 
in deposit of toxic substances in water streams. For example, there is acid mine 
drainage at coal mines that have ceased to operate resulting in substantial quanti-
ties of sulfuric acid and iron hydroxide being released to water streams. This often 
contains a lot of heavy metals which are toxic. 
Moringa seeds can be used to purify water as it is cheaper and accessible to 
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use other than other purification agents. Aluminium and iron salts are often used 
for purification of water but they also have undesirable effects on the environment. 
Aluminium makes water unsafe for hemodialysis because it accumulates in dialysis 
patients leading to significant morbidity and mortality [41]. 
Moringa Oleifera also has the potential to be used in the treatment of hard waters 
for domestic use in tropical developing countries [42]. Moringa seeds are used for 
purification of turbid water because of their cationic charge. The protein in Moringa 
seeds powder is positively charged compared to particles in the water such as clay, 
bacteria, and other toxic materials which are negatively charged, hence attract the 
negatively charged particles that could be present in the water. The floes formed by 
the flocculation process can then be easily removed by allowing the water to settle, 
or removed by filtering. Figure 2.4 compares water with and without treatment using 
Moringa protein seeds. 
Figure 2.4: Moringa for purification of turbid water [43]. 
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2.1.4 Other benefits of Moringa Oleifera 
Other benefits that have been mentioned in literature are its antifertility effect [44] 
and its enhancement of male sexual desire and performance [45]. Actual compounds 
responsible for these are not fully known. As already highlighted the plant is very 
useful as all parts are of use. Other than its medicinal, nutritional and the water pu-
rification, Moringa can be used to prevent soil erosion. Figure 2.5 below summarises 
the functions of Moringa. 
Flowers: Pods: 
Medicine Nutrition 
Medicine 
Leaves: 
Nutrition 
Medicine Trees: Erosion Control 
Seeds: 
Water Purification 
Medicine, Oil 
Gum: Medicine 
Bark: 
Medicine 
Figure 2.5: Various uses of different parts of Moringa sp. 
2.2 Plant polyphenols 
Plant polyphenols are ubiquitous, essential and located throughout most plant tis-
sues which contribute significantly to plant physiology [46]. Polyphenols may be 
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classified into different groups as a function of the number of phenol ring" that they 
contain and on the basis of structural elements that bind these rings to one another 
l47]. Primarily they, occur in conjugated forms. with one or more sugar residues 
linked to hydroxyl groups, although direct linkages of the sligar (polysaccharide or 
monosaccharide) to an aromatic carbon also exist 1471. The chemical properties of 
polyphenols in terms of the availability of the phenolic hydrogens as hydrogen do-
nating radical scavengers predicts their antioxidant activity 14R1. The main groups 
of polyphenols are ftavonoids, phenolic acids. tannins. stilbencs and lignans 1491 
which will be discussed in the following paragraphs. 
Evans e! 01 .• (1996) 1481 reported that plant polyphenol~ are multifunctional 
and can act as reducing agents. hydrogen donating antioxidants. and singlet oxygen 
quenchers. This has motivated researchers to investigate the plant compounds called 
polyphenols. including ftavonoids that are now believed 10 form an important part of 
our dietary intake of antioxidants. Studies on the free radical-scavenging propertic~ 
of flavonoids have permitted characterization of thc major phenolic componcnts or 
naturally occurring phytochemicals as antioxidants 1481. 
2.2.1 Phenolic acids 
Phenolic acids are found abundantly in foods and divided into two classes being 
derivatives of benzoic acid and derivatives of cinnamic acid 1471. Phenolic com-
pounds are important due to their ability to serve as antioxidants which are widely 
found in secondary products of medicinal plants 150. 511. Phenolics are chemical 
compounds characterized by at least one aroillat ic ri ng (C6) beari ng one or more 
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hydroxyl groups [52]. Phenolic acids and other polyphenolic compounds that is, 
flavonoids, present in fruits, vegetables and other parts of the plants are known to 
possess antioxidant activity due to presence of hydroxyl groups in their structures 
[531 as demonstrated by Figure 2.6 below. 
, r .. ·· 
f· 
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Figure 2.6: Phenolic compollnd binding with a i'rec Fec+ to inhibit radical i'ormation. 
Several investigations have shown that many of these plants have antioxidant ac-
tivities that could be therapeutically beneficial and it has been mentioned that the 
antioxidant potential of the plants could be due to their phenol ic components 154 J. 
Plant phenolic compounds such as flavonoids and lignin precursors arc potent an-
tioxidants [52\. Solubility of phenolic compounds is governed hy the type of sol-
vent (polarity) used. degree of polymerization of phenolics. as well as interaction of 
phenolics with other food constituents and formation of insoluble complexes \55\. 
According to He ef al. 156\ the conventional methods u.sed currently for extraction 
of compounds from herbal plants are distillation and solvent extraction which have 
low extraction efficiencics and toxic solvent residues. 
The antioxidant capacity of phenolic compounds is determined by their structure. 
in particular the ease with which a hydrogen atom from an aromatic hydroxyl group 
can be donated to a free radical and the ability of an aromatic compound to support 
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an unpaired electron as the result of delocalization around the M-electron system 
[57]. The antioxidant activity of phenolics is mainly due to their redox properties, 
which allow them to act as reducing agents, hydrogen donators, and singlet oxygen 
quenchers [58]. Some phenolic compounds with dihydroxy groups can conjugate 
transition metals, preventing metal - induced free radical formation [59] as seen in 
Figure 2.6 above. 
(2.2.1) 
Extraction of phenolic compounds in plant materials is influenced by their chem-
ical nature, the extraction method employed, sample particle size, storage time and 
conditions, as well as presence of interfering substances [55]. 
I Diabetes 
" " ( Cancer ) U ( Aging ) ~ ~ 
( Hyper'tnsion ) ¢:=J PI"Otection fl"Onl Pol,·phenols q l_c._v.D_s_l 
['--A-st-b-m-a ..... ltf> Others "" "" I 
( Infections ) 
Figure 2.7 : Health beneficial effects of dietary plant polyphenols [47]. 
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Table 2.1: Antioxidant activity (Ferric Reducing Antioxidant Power (FRAP)) and Total 
Phenolic Content (TPC) of 12 Indian medicinal plants l31] 
Name of plant FRAP TPC 
(tested part) (jlll1ol 100 g lOW) (g 100 lOW) 
---. ._--
C. gigalllC({ (root) I X5.71 I .29 
C. gigollica (!lower) IX6.U ().69 
C. gigalliea (leaf) 93.07 0.69 
C. sylvestre (leaf) 93.04 1.02 
L. reticulata (leaf) 18S.9X 0.83 
O. esculenrul7l (leaf) 93.0 I 0.79 
P Ilim/is (leaf) 93.03 0.53 
P dael71i({ (leaf) 92.99 0.68 
S. brel'istigl11({ (stem) 18S.84 o.n 
T illdica (leaf) 92.87 1.09 
T OI'{{{O (leaf) I XS.95 1.71 
Warrokok({ I'olubilis (leaf) 92.98 l.l2 
Decolepis hal11ilrnnii (leaf) 557.n I 3.84 
If. illdiclI.I (lea 1) 27iUI 1.57 
H illdicu.\· (root) 371.30 2.23 
2.2.2 Stilhcnes 
Stilbenes contain two phenyl moieties connected by a two-carbon methylene bridge 
[471. They are distributed in higher plants and exist in the form of oligomers and 
in monomeric form (e.g., resveratrol, oxyresveratrol) and as dimeric. trimeric. and 
polymeric sti Ibenes or as glycosides [60 [. Resveratrol. a sti I ben ic compou nd de-
rivi ng from the phenyalani ne/polymalonate route, bei ng sti I bene synthase (STS) the 
last and key enzyme of this pathway, recently has become the focus of a number of 
studies in medicine and plant physiology, and has emerged as a promising molecule 
that potentially affects human health [611. 
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2.2.3 Lignans 
Lignans are diphenolic compounds that contain a 2.3-dihenzylhutane structure that 
is formed by the dimerization of two cinnamic acid residues! 47\. 
2.2.4 Flavonoids 
Flavonoids are the largest class of polyphenols \62\ . with a common structure of 
diphenylpropanes (C6-C3-C6) [59, 52\, consisting of two aromatic rings linked 
through three carbons as seen below in Figure 2.8. Flavonoids are built upon C6-
C3-C6 skeleton in which the three carbon bridge between phenyl groups is COI11-
monly cyclised with oxygen [631. The major flavonoid clHsses include flavonols. 
flavanones. flavones. anthocyanidins and isofhvones [64. 63. 48\. Their structural 
variation in each subgroup is partly due to the degree and pattern of hydroxylation. 
methoxylation. prenylation. or glycosylation [."i9\ as seen in Pigllre 2.8 helow. 
Flavonoids are formed in the plants from the arol11atic amino acids phenylalanine 
and tyrosine and malonate [62]. Flavonoids commonly accumulate in epidermal 
cells of plant organs such as flowers. leaves. stems. roots. seeds and fruits. heing 
found in glycosidic forms (glycosides) and non-glycosidic forms (aglycones)[52\. 
Flavonoids may trap chain-initiating radicals at the interface of the membranes. thus 
preventing the progression of the radical chain reaction [57\. The most rational 
way to inhibit carcinogenesis is by interfering with Illodulation steps (initiation. pro-
motion. and progression) as well as the associated signal transduction pathways of 
which the polyphenols can do by virtue of their electron donating capacity \65\. In 
this study. myricetin. kaempferol and quercetin which are flavonols were studied and 
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Flavonols 
Flavones 
Flavanones 
Basic Fnonoid Structure 
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Figure 2.8: Chemical structures of sub-classes of flavonoids. Individual differences within 
each group arise from the variation in number and arrangement of the hydroxyl groups and 
their extent of alkylation and/or glycosylation [47]. 
their basic structure is shown below. 
OH 
OH 0 
Figure 2.9: Chemical structure of a) quercetin, b) myricetin and c) kaempferol. 
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Parts 
Roots 
Stem 
Bark 
Whole 
gum exudates 
Leaves 
Table 2.2: Phylochemicals of Morillgu O/cijeru [661 
Phytochemical constituents 
4-«0 - L)-rhamnopyranosyloxy)-benzylgluco.~inolate 
and benzylglucosinolate 
4-hydroxymel\ein, vanillin. -J-sitosterolle 
coctasanic acid and ,"i-sitosterol 
4-( «(\ - L )-rhamnopyranosy loxy)-benzylglucosinolate 
L-arabinose, D-galactose, D-glucuronic aciel 
L-rhamnose, D-mannose, D-xylose and leucoanthocyanin 
Glycosideniazirin, niazirin and three mustard oil glycosides 
4-[4-0-acety I-II -L-rhamnosy lox ybcnzyll i sothiocynatc 
niaziminin A and B 
Malure f10wers D-mannose, D-glucose, protein. ascorbic acid. polysaccharide 
Whole pods Nitriles. isothiocyanate, lhiocarbanalcs 
Mature seeds 
Seed oil 
0- [2- hydrox y -3 -( 2- hepteny lox y) I-propy I u ndecanoatc 
0-cthyl-4-[ «( \ -1-rhaml1osy lox y )-bCIl/.y II 
carbamate, methyl-p-hydroxybenzoate and )-sitosterone 
4-[ 4-0-acety I-II -L-rhamnosy lox ybenzy II isoth iocynate 
niaziminin A and B 
crude protein, crude fat, carbohydrate. methionine, cysteine 
4-( (n - L )-rhamnopyranosy loxy )-benzy Ig I ucosinolate 
benzylglucosinolate, moringyne, mono-palmitic 
and di-oleictriglyceride 
Vitamin A, beta carotene, precursor of Vitamin A 
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Table 2.3: Traditional use of Moringil Olcij('1"11 1661 
Parts and its form 
Crude ethanolic extract of dried seeds 
Hot water infusion of flowers, 
leaves, roots, seeds and bark 
Crude methanolic extract of the roots 
Pharmacological activities 
An t i -i n Il i\llllllatory 
Oil from dried seed Antioxidant 
Methanol and ethanol extract of free dried leaves 
Deflated and shell free seeds Antimicrobial 
Fresh leaves juice 
Root'> and bark 
Aqueou\ extract of stem bark 
Ethanolic extract of leaves 
Ethanolic and aqueous extracts of whole pods 
and their parts namely; coat, pulp and seed 
Leaves and fruits 
Methanolic extract of roots 
Aqueous or ethanolic extract 
of bark and roots 
Paste of leaves 
t:thanolic extract of seeds 
Paste of leaves 
Ethanolic extract of seeds 
Aqueous and ethanolic extract 
of roots and flower 
Ethanolic extract of seeds 
Methanolic extract of leaves 
Ethanolic extract of seeds 
Hot watcr infusion o\" Ilowers , leaves, roots, 
seeds and bark seed infusion 
Card i m<l\L"l11 ar 
Antihyperl i piuemic 
CNS depressant 
Antiinfertility 
Anticancer 
Anticancer 
Anti hepatotoxicity 
Antiulcer 
AntispasllIodlc 
Diuretic 
produces Vitamin A 
rises blood haemoglobin 
Increases blood glucose kvel 
regulate hyperthyroidsm 
2.3 Oxidative stress 
Oxygen is a necessity for sustaining animal life. Th~ body system of all animals 
relies on oxygen metabolic production of energy. Oxygen is nevertheless a highly 
reactive molecule that can produce chemicals called free radicals. Free radicals, also 
referred to as reactive oxygen species or ROS, are chemical entities that contain one 
or more unpaired electrons in their outer orbit. They are highly unstable and become 
very reactive towards any near by molecule in their quest to attain molecular stabil-
ity. There are several different types of ROS such as hydroxyl radical. superoxide 
radical. the nitric oxide radical and the lipicl peroxyl radical. 
During the process of metabolism, oxygen is r~duced to water, producing several 
oxygen-derived free radicals or reactive oxygen species which play an important role 
in various diseases. They can also be produced externally by exposure to radiation, 
toxic chemicals, cigarette smoking and alcohol consumption, and by eating ()xidi/~d 
polyunsaturated fats [67[. An imbalance between the formation of fret.' radicals and 
their destruction by antioxidants is the cause for oxidative stress. Oxidative stress 
is due to either overproduction of free radicals and our body is not able to scavenge 
them, or inadequate intake of the nutrients that contribute to the defence system. 
Free radicals due to environmental pollutants, radiation, chemicals, toxins, deep 
fried and spicy foods as well as physical stress, cause depletion of immune system 
antioxidants, change in gene expression and induce abnormal proteins [6X]. 
Reactive oxygen species (ROS) are procluced by all aerobic organisms and can 
easily react with most biological molecules including proteins, lipids, lipoproteins 
and DNA [69]. These by-products are generally reactive oxygen sp~cies (ROS) such 
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as super oxide anion, hydroxyl radical and hydrogen peroxide that result from the 
cellular redox process 1701. 
Oxidative stress plays a major part in the development of chronic and degener-
ative ailments such as cancer, autoimmune disorders, rheumatoid arthritis, cataract, 
aging, cardiovascular and neurodegenerative diseases [71]. Oxidative stress can 
cause oxidative damage to large biomolecules such as proteins. DNA anel lipids, 
resulting in an increased risk of cancer anel cardiovascular di~ease 172]. OXIdative 
stress has been implicated in the pathogenesis of a wiele variety of clinical disorders 
such as neurodegenerative diseases. cancer. cardiovascular disease. atherosclerosis 
and inflammation lIS]. The most important macromolecules (lipids. proteins and 
nucleic acids) in human body as well as in food materials have been reported to 
undergo oxidative damage caused by free radicals such as superoxide and hydroxyl 
radicals generated in certain biochemical processes ]73]. 
The mall1 causes of the agll1g process seem to be related to reactive oxygen 
species and free radicals, such as superoxide anion. hydrogen peroxide. hydroxyl 
radicals, and singlet oxygen \74]. 
2.3.1 Formation and degradation of radicals 
Heavy exercise, sunshine, air pollution and smoking are known to suhstantially in-
crease the amount of free radicals being produced. These free radicals oxidize ran-
domly biologically essential molecules such a~ Ii piC\s, protei ns. sugars, and nuc leic 
acids, which results in the loss of their physiological functions and induction of dele-
terious effects 175]. Our bodies have mechanisms of antioxidants to neutralize the 
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free radicals before they can cause any damage. The body has the capacity to pro-
duce its own antioxidants from nutrients obtained from food or the nutrients can be 
used directly as antioxidants. Vitamins C and E are known to supply the body with 
direct antioxidants. An antioxidant enzyme system consisting of catalase, superox-
ide dismutase and glutathione peroxidase in human body plays an important role 
in protecting the macromolecules from oxidative damage caused by these oxidant 
species [76]. Superoxide dismutase is an enzyme that converts the superoxide radi-
cal to hydrogen peroxide, which is in turn metabolized by another enzyme, catalase, 
to produce water and oxygen. 
Free radicals due to environmental pollutants, radiation, chemicals, toxins, deep 
fried and spicy foods as well as physical stress, cause depletion of immune system 
antioxidants, change in gene expression and induce abnormal proteins [68]. 
'-J 
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Figure 2.10: Factors that contribute to the formation of free radicals in the body. 
26 
2.4 Types of antioxidants 
2.4.1 Synthetic antioxidants 
The interest in natural antioxidants has increased considerably in recent years be-
cause many antioxidants exhibit beneficial biological effects, including antibacte-
riaL antiviraL anti-allergic, anti-thrombotic and because they are linked to lower 
incidence of cardiovascular disease and certain types of cancer disease [77]. Due to 
the benefits of antioxidants, food and pharmaceutical products are normally supple-
mented with synthetic antioxidants such as butylated hydroxy toluene (RHTL buty-
lated hydroxyanisole (BI-IA) and tertbutylhydroxyquinone (TBHQ) 1301 Synthetic 
antioxidants have been commonly used to prevent undesirable oxidation in many 
foods. Currently available synthetic antioxidants like hutylated hydroxy anisole 
(13I-1A), butylated hydroxy toluene (BHT), tertiary butylated hyclroquinon and gallic 
acid esters, have been suspected to cause or prompt negative health effects I (is I. 
2.4.2 Natural antioxidants 
Earlier studies have also shown strong antioxidant and free radical scavenging ac-
tivities of Moril1ga O/eUero leaves [171. Moril1g({ O/ei/c'm leaf extrach can act as 
effective l11oJulators in reducing the toxicity by enhancing the stimulation of en-
zymes in the cells under stress 11 RI. Treatment with the leaf extract significantly 
increased the levels of the antioxidant enzymes superoxicle clismutase ancl catalase 
IISI. The antioxidant properties of phenolic compounds are mainly because of their 
redox potentia!, which allow them to act as reducing agents, hydrogen donators, 
metal chelators and singlet oxygen quenchers 14R, (il. 
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2.4.3 Enzymatic antioxidants 
The damage produced by ROS may be prevented by enzymatic antioxidants sllch as 
preventive antioxidants which will inhibit the initial production of free radicab; e.g. 
catalase which is localised in the peroxisome. The following mechanisms depicts 
this: 
(2.4.1 ) 
Chain breaking antioxidants inhibit the propagation stage after the peroxy radi-
cals are generated. These include superoxide disl11utase (SOD). vitamin E. etc. The 
following mechanism elaborates how SOD prevents exponential growth of radicals. 
,'1(11+1)+- .'-,'OD + U-; --+ '\I"~ - .''','()/) + O 2 (2.4.2 ) 
(2.4.3 ) 
where M = Cu (n=I); Mn (n=2): Fe (n=2) : Ni (n=2) 
The produced H20 2 in the overall reaction is then cleaved by the catalase as 
seen in (2.4.1). Superoxide dismutase (SODs) then puts together the oxygen radical 
and the metal ion to give oxygen (2.4.2) ami furthl'l' breakdown the metal ion -
SOD complex to give hydrogen peroxide (2.4.3). This remains a continous cycle as 
hydrogen peroxide is cleaved as discussed allo\'C. A set of these enzymes. located 
in the cytosol and mitochondria. require a metal ion cofactor. copper (Cu). zinc (Zn) 
or manganese (Mn). Glutathione peroxidases are a large family of enzymes that 
reduce H20 2 to water. They are found both in the cytoplasm and extracellularly in 
almost every human tissue. Peroxiredoxin catalyses the reduction of H2 0 2 . organic 
hydroperoxides and peroxynitrite (ONOO-·). 
2.5 Mineral Content in plants 
In the bi(hphere as a whole and in particular ecosystems. there arc interrelationships 
between contents of trace elements in air. soil and plants 191. Certai n trace elements 
are essential in plant nutrition (micronutrients). but plants growing in a polluted en-
vironment have the potential to accumulate trace elements at high concentrations. 
causing a serious risk to human health when plant-based foodstuffs are consumed 
17S1. Subsequent problems may be toxicity to the plant growing on the contami-
nated soil and uptake by the plants resulting in high metals levels in plant tissues 
1791. However in the right concentration they are useful. Trace elements have hoth a 
curative and a preventive role in comhatting diseases ISOI. They are also calledmi-
crn elements and their examples inc lucie. iron (Fe). manganese (M n). boron (B). zi nc 
(Zn). copper (Cu). molybdenum (Mo). chloride (CI). nickel (Ni). silicon (Si). cobalt 
(Co) and selenium (Se) 1811. Macro elements are a number of minerals essential for 
human nutrition are accumulated in different part of plants as it accumulates miner-
als essential for growth from the environment ISOI. Examples of the macro nutrients 
are. calcium (Ca). magnesium (Mg). potassium (K). sodium (Na) and lithium (li). 
The Table 2.4 below shows the average concentrations of the nutrients needed for 
the plant. 
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Table 2.4: Average concentration of macro and micro nlltricnh in plants IR2J 
Element Average concentration 
in tissuc(mg kg- J ) 
Iron 100 
Mn 50 
Zn 20 
B 20 
Cu 6 
Mo 0.1 
CI 100 
Na 15000 
K 10 000 
Ca 5 OO(l 
Mo 
c 2 (lOO 
P 2 000 
S I 000 
Zn 20 
The table shows that the average concentration of the micro nutrients in plant 
tissues are lower while the macro nutrients are higher. 
2.6 Green chemistry 
Green chemistry is the utilization of a set of principle~ that will help reduce the 
use and generation of hazardous substances during the manufacture and application 
of chemical products [831. The practice of green chemistry begins with recognition 
that the production, processing, use, and eventual disposal of chemical products may 
cause harm when performed incorrectly [841. As a result of industrialization. min-
ing and other activities. pollution of the environment occurs either in the air. land or 
even in the waters. Depending on the pollutant, the degree of pollution. effects of 
pollution to animal and human life can be detrimental. Toxic suhstances polluting 
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the environment can be passed on to food chain and sometimes these are accumula-
tive in body systems of people or animals for instance. These can result in mutation 
of cells resulting in diseases such as cancers and others. In this study,"green" chem-
istry approach was used in the extraction of the phytochemicals from the Moringo 
sp. The use of water as a solvent is is inline with the principles of "green" chemistry 
stated below because water is environmentally friendly. 
The following twelve basic principles of green chemistry have been formulated 
by Anastas and Warner 1998 [851. 
• It is better to prevent waste than to treat or clean up after it is created. 
• Synthetic methods should be designed to maximize the incorporation of all 
materials used in the process into the final product. 
• Wherever practicable, synthetic methods should be designed to use and gen-
erate substances that possess little or no toxicity to human health and the en-
vironment at large. 
• Chemical products should be designed to affect their liL'sired I'unction while 
minimizing their toxicity. 
• The use of auxiliary substances (e.g .. solvents, separation agents, and many 
others) should be made unnecessary wherever possible and innocuous when 
used. 
• Energy requirements of chemical processes should be recognized for their en-
vironmental and economic impacts and therefore should be minimized. If 
~I 
possible, synthetic methods should be conducted at ambient temperature and 
pressure. 
• ;\ raw material or feedstock should be renewable rather than depleting when-
ever technically and economically practicable. 
• Unnecessary derivatization (use of blocking groups, protection/deprotection, 
temporary modification of physical/chemical processes) should be minimized 
or avoided if possible, because such steps require additional reagents and can 
generate waste. 
• Catalytic reagents (as selective as possible) are superior to stoichiometric reagents. 
• Chemical products should be designed so that at the end of their function 
they break down into innocuous degradation products and do not persist in the 
envi ronment. 
• Analytical methodologies need to be further developed to allow for real-time, 
lI1-process monitoring and control prior to the formation of hazardous sub-
stances. 
• Substances and the form of a substance used in a chemical process should be 
chosen to minimize the potential for chemical accidents. including releases, 
explosions, and fires. 
In this study, it can thus be concluded that the "green" approach is being utilised 
considering the fact that an environmetally friendly solvent (water) is used and the 
raw material (plant) used is replcnishable. 
2.7 Extraction Techniques for plant materials 
2.7.1 Prcssurised Hot water extraction system (PHWE) 
PHWE is a form of pressuriscd liquid extraction (PLE) and it was first introduced 
in 1994151. In pressurised hot water extraction. as water is heated at high temper-
ature and pressure it behaves as an organic solvent, hence become less polar with a 
dielectric constant that compares to that of organic solvents [861. Water is a highly 
polar solvent with a high dielectric constant (::) at room temperature and atmospheric 
pressure due to the presence of extensive hydrogen-bonded structure 1871. Dielec-
tric constant indicates the strength of the polarity of water, the higher it is the more 
polar and vice versa. The dielectric con.~tant C:) of water at ~5IJC is 80 116. 641. 
However when heated. the properties of water change markedly as the hydrogen -
bonded lattice is di srupted as thermal motion increases 1861 leadi ng to a decrease in 
the dielectric constant [641. Consequently, the capability of water to dissolve less 
polar compounds is enhanced because the polarity of water. itself. is decreased [ 151. 
Also at high temperature the physco-chemical properties of water especially the rel-
ative permittivity (::) are favorable of the less polar compounds 1881. By merely 
adjusting the extraction temperature. water can thus be turned into a suitable solvent 
for extraction of polar to medium polar solutes [641. The Table 2.5 helow compares 
the dielectric constant of water to those of organic solvents. 
Thc Pl-lWE system comprises of a heating o\cn, an HPLC pump. a stainless steel 
extraction cell and connecting lines. A continous stainless steel wire connects from 
the pump passing through the extraction cell placed in the oven to the collecting 
Ilask outside the oven. 1\ ]JUlllp is joined to a solvent system using small tuhings 
Table 2.5: Comparison of dielectric constant of water with of organic solvents [5] 
Solvent Normal boiling point Temperature Dielectric constant 
(0C) (0C) (E) 
Water 100 25 80 
Water 100 205 33 
Methanol 68 25 33 
Ethanol 78 25 24.3 
Acetone 56 25 20.7 
and a back pressure regulator is situated between the collecting flask and the oven. 
Figure 2.11 below shows the system. 
Flow direction 
Back pressure L ' Pit~li> : :: 11II!!!!!!!!!~!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!\1 ,...J-..Jr,-e...,gtI la tor 
Preheating coil 
Extraction Cell 
Solvent system Oven Collecting flask 
Figure 2.11: Schematic digram of of pressurised hot water extraction [89] 
Extraction mechanism 
Optimum conditions for pressurised water depend on various factors such as the 
properties of water, chemical properties of the solute and extraction kinetics. The 
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extraction mechanism in PHWE is proposed to involve four sequential steps (Figure 
2.12) which take place in the extraction cell [871. Upon the rapid introduction of 
the pressurised hot water. cells of the Moringa break open and the target molecule is 
desorbed from the active site of the matrix. Thus the first kinetic step is dominated 
by the intermolecular adhesive and cohesive forces between the solute. matrix and 
solvent 1901. 
The second step is the diffusiun of the water in to the organic matrix. At higher 
temperature water becomes less viscous and its surface tension is lowered making 
it a much more diffusive solvent. This enhances extraction because water becomes 
more erflcient in the extraction of the solutes from the organic matrix. 
The third step of extraction is characterised by the dissolution of the analyte into 
the water. By diffusion gradient the target molecules flow Into the bulk solution 
where eventually the are collected. The driving force is the concentration gradient 
between that exist between the extract in the water and the extract in the matrix. 
Factors affecting extraction efficiency 
• Chemical stnIcture of the extract. 
One of the factors that directly influence the extraction efficiency is the partitioning 
of the extract between the active sites of the matrix and the mobile phase which is 
the pressurised hot water as discussed above. The chemical structure of the extract 
however influences the polarity. the adhesion of the solutes to the active Sill'S. their 
desorption and hence the solubility of the solutes. The partition coefficient is directly 
innuenced by the solubility or the material in the water phase 1901. 
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f 
Fluid flow 
Figure 2.12: Schematic representation showing proposed extraction steps in PHWE: (a) 
rapid ftuid ellli'y; (h) desorption (e) diffusioll; (e1) diffusion: (e) diffusioll 1161 
• Temperature and pressure of the PI-IWE. 
Temperature of the water plays a tremcndous role in the etlieiency of thc extrac-
tion. At elevated temperatures. the polarity of the water is lowered which favors 
less polar substances. The hydrogen bonds are weakened leading to a decrease in 
the dielectric constant. reduced viscosity and subsequently an enhanced extraction 
efflciency. The importance of pressure is to maintain the water in the liquid state. It 
also forces the solvent into the sample. 
2.7.2 Microwave digestion 
This technique involves the use of magnetic radiation for the extraction of both mewl 
ions and organic compounds. Microwaves are electromagnetic waves made up of 
two oscillating perpendicular fields. electrical field and magnetic field [91]. Mi-
crowaves arc non-ionizing electromagnetic waves of frequency between ~()() MHz 
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to 300 GHz and positioned between the X- ray and infrared rays in the electromag-
netic spectrum [92]. The vessel used must be transparent to microwave such as tefton 
and polysterene. The basis of microwave assisted extraction is improvement in the 
extraction kinetics provided by heating [63 [. In the case of extraction, the advantage 
of microwave heating is the disruption of weak hydrogen bounds promoted by the 
dipole rotation of the molecules [12]. 
Solvent composition and the volume, extraction temperature and matrix charac-
teristics are critical parametcrs needed for efficient extraction of cOll1pounds frol1l 
organic materials. In microwave, absorption occurs owing to the reorientation of 
permanent dipoles by the electric field, the amount of energy absorbed is propor-
tional to the dielectric constant (~) of the solvent. The technique can he used for 
both metal ions and organic compounds depending on the extraction solvent. In this 
study nitric acid was used to extract total metals in the leaf powder. 
The advantages of closed-vessel systems are listed below: 
• They can reach elevated temperatures than open vessel systems because the 
higher pressures inside the vessel raises the boiling point of the soln.'nts used 
resulting in minimal time. 
• The possibility of the loss of volatile substances during microwave irradiation 
is eliminated. 
• Minimal volumes of the solvent is required which is economical and also en-
vironmentally friendly. 
• The fumes produced during an aciclmicrowave extraction are contained within 
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Figure 2.13: Schematic diagram of Microwave Assisted Extraction instrument 
1. Desorption 
2. Internal diffusion 
3. External diffusion 
1ft. 
Conventional Extraction 
Heat Transfer 
Mass Tansfer 
Microwave-Assisted Extraction 
Heat Transfer 
Mass Tansfer 
Figure 2.14: Heat and mass transfer mechanisms in microwave [93] 
38 
the vessel as such analyst do not handle potentially hazardous fumes released. 
Nonetheless the disadvantages of the closed vessels include the following; 
• The high pressures can results in explosion 
• The amount of sample that can be processed is limited 
• The vessels are made up of PTFE (polytetraflouro ethylene) which does not 
allow high solution temperatures. 
• The single-step procedure excludes the addition of reagents or solvents during 
digestion. 
• The vessel must be cooled down before it can be opened after the treatment to 
avoid loss of volatile constituents which can results in erroneous results and 
health hazards. 
Screw Cap 
Safety Disk & Holder 
Lip-type Seal 
Vessel Jacket 
reinforced PEEK 
or ceramics 
Exhaust Port 
- for directed gas release 
- for gas loading 
Venting Screw 
Safety release grooves 
-- Liner (PTFE-TFM) 
Figure 2.15: Typical diagram of MAE vessels [94]. 
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2.8 Determination Techniques 
2.8.1 High Performance Liquid Chromatography (HPLC) 
Separation of mixtures in microgram to gram quantities by passage of the sample 
through a column containing a stationary solid by means of a pre,<,surizecl flow of a 
liquid mobile phase, components migrate through the column at different rates due to 
dilTerent relative affinities for the stationary and mobile phase based on adsorption, 
size or charge [95[. 
HPLC is the most widely used separation technique and It finds application In 
various fields of science such as agriculture, forensics, medicine, environment. phar-
maceutical. to mentioll a few. The technique is suitable for the analysis of Ilon-
volatile, thermally labile and compounds of high molecular \,,:eight such a~ carbo-
hydrates, proteins, polymers and many others, BelO\v is Figure 2.16 adapted from 
Clark (2007), [961. 
Mobile phase 
The mobile phase pushes the sample with the help of the pressure along the ana-
Iytical column where separation occurs, The eluting power of the mobile phase is 
determined by its overall polarity. the polarity of the stationary phase and the nature 
of the sample components [951, The solvent must have lower viscocity so that a 
minimal pre.ssure is used to push through to facilitate separation. It must also have 
low boi ling poi nt to faci I itate sol vent removal from collected fractions Safety i.e. 
low toxicity and no unpleasant odour. The solvent must be compatible with the de-
tector. It is also critical to know the UV cut off and refractive indices of solvents 
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wZlste 
Figure 2.16: Schematic diagram of an HPLC system [961. 
particularly that the commonly used detectors are based on absorbance of UV radia-
tion and on rcl"ractive index. Table 2.6 adapted from Fi field and Kealey, ( Il)l)li) [li51 
illustrates this. 
The mobile phase must be filtered and degassed prior to use to avoid any partie-
ulate matter which can result in the blockage of the system while degassing is done 
to remove air bubbles. Separation can be done under isocratic or gradient elution. In 
isocratic elution only one composition mixture is used to separate the analytes in the 
column. This elution is suitable where the polarity of the constituents of a sample 
are almost within the same range. In cases where the polarity of the constituents is 
far apart, gradient elution is recommendecl. In here, the polarity of the mobile pha<;e 
is adjusted during the run by varying its composition. Two or more mixtures with 
varying polarity are employed. Varying the volume of different solvents periodically 
varies the polarity of the mobile phase which will result in further separation of the 
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Table 2.6: Various solvents used in HPLC with their UV cut off and RI values [951 
Solvent UV Cut off(nm) RI250e 
n-hexane 190 1.372 
cyclohexane 200 1.423 
carbon tetrachloride 265 1.457 
toluene 285 1.494 
benzene 280 1.498 
methylene chloride 233 1.421 
n-propanol 240 1.385 
tetrahyclrofu ra n 212 I A05 
ethvl acetate 25() 1.370 
iso-propanol 205 1.384 
chloroform 245 1.443 
acetone 330 1.356 
ethanol 210 1.359 
ace ton i tri Ie 190 1.341 
methanol 205 1.326 
water 1.333 
analytes. 
There are two existing phases of separations which depend on solvent polarity. 
These are normal phase and reverse phase. Separation can occur under reversed 
phase where the stationary phase is non polar and the mobile phase is polar. In 
reversed phase primary attraction of analyte is between nonpolar stationary phase 
and more polar solvent. The order of elution is hydrophilic to hydrophobic (polar to 
nonpolar). In other words. analytes that are polar have aninity for the mobile phase 
and hence eluted tirst while the less polar substances h,\ve higher affinity for the nOll 
polar stationary phase. Its widely used. Acetonitrile or methanol can be used as a 
mobile phase. Often a minute volume of volatile acids such as acetic acid or formic 
acid is added to the mobile phase. These are called ion-pairing agents. They binel by 
ionic interaction to the solute molecules to increase the hydrophohicity of the solute 
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molecule and change selectivity also to maintain the pH. 
Normal phase however has a polar stationary phase and a non polar mobile phase 
and hence the order of elution is from hydrophobic to hydrophilic. Its application is 
found in isomer separation. 
Pumping System 
!\ high pressure pump is needed to ensure a reproducible constant flow pulse free 
mohile phase at flow rates between 0.1 and 5 1111 min-I. Constant flow recipro-
cating pumps are now the mostly widely used type but because their mechanical 
action inherently produces a pulsating delivery of the mohile phase the flow must he 
smoothed so as to eliminate the pulsations [95]. Often a pulse damper is incorpo-
rated in the system to remove pulses. A pump must must be chemically inert to the 
solvents to avoid corrosion of the pumps. It must also have a small holc! up volume 
to facilitate rapid change of the composition of the mobile phase particularly for 
gradient elution. 
Sampling injection system 
Samples in HPLC may be injected using either a syringe or a valve injector. The 
sample is loaded into a stainless steel loop that is incorporated into the valve bocly. 
The sample loop is connected to two ports of the three-way valve injector. One port 
is connected to the column while the other is connected to the mobile phase anc! 
two ports for sample loop waste during loading anc! injection. The valve can with 
stand high pressures of ahout son har anc! give reproducible results of high precil.,ion. 
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Sample loops of different volumes can be used depending on the injection volume. 
Often they range from 2 to over 100 pL The knob is set at the "LOAD" position 
for sample injection as seen below in Figure 2.17. The sample can be injected into 
the sample loop, which is separated from the flow path. Once the knob is turned 
to the "INJECT" position, the eluent travels through the loop from the pump then 
delivers the sample to the column. Figure 2.17 below depicts how the valves are 
interchangeable during loading and injection of sample in HPLC. 
Syringe 
Load position 
(a) 
SolvlJllt In 
. 
To 
column 
Inject position 
(b ) 
Figure 2.17: a) load and b) inject positions 
Analytical, Guard Columns and detector 
Columns are made from straight lengths of precision bore stainless steel tubing [95]. 
Typically they are 10 - 25 cm long and 4 to 5 mm i.d [95]. The stationary phase is 
made of silica. 
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Guard column is situated in between the sample introduction port and the analyt-
ical column. The whole idea is to prolong the life span of the analytical column as 
it traps particulate matter before it reaches the analytical column. Since the primary 
function of a guard column is to retain materials that the mobile phase will not elute 
from the analytical column, it should contain the same packing as the analytical 
column to ensure that the retention capacity of both columns is the same. 
The ideal detector in HPLC must be rapid and reproducible in response to Lln-
alytes during analysis. It must be highly sensitive to be able to dctect minute con-
ccntrations of target analyte and to give a linear response to that dfect. UV detector 
is the mO',t widely used detector and simple to use for compounds that absorb UV 
radiation. The problem is that it is not selective and not ver sensitive. 
2.8.2 Inductively Coupled Optical Emission Spectrometry 
The technique is based upon the spontaneous emission of photons from atoms and 
ions that have been excited in a Radio Frequency (RF) discharge [971. Liquid and 
gas samples may be injected directly into the instrument, while solid samples can be 
injected as slurry by extraction or acid digestion so that the analytes will be present 
in a solution 1971. 
The components of ICP-OES comprises of a peristaltic pump, nebulizer, spray 
chamber. drain assembly, the gas supply, rcp torch and the plasma (Figure 2.19) as 
shown below. 
Firstly the sample is aspirated into the instrument by the help of a peristaltic 
pump. The Sillllpic is thcll converted into an aerosol (vcry lillc droplets urthe sample) 
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Figure 2.1~: Schematic diagram 01' Inductively Coupled Plasm;\ Optical Emissioll Spec-
trometry 19::\ 1 
by a process called nebulization. The sample aerosols are then carried into the center 
of the plasma by the help of the flow of the Argon gas. At its core. the incluctively 
coupled plasma (ICP) sustains a temperature of approximately 10 000 K. so the 
aerosol is quickly vaporized 1971. In here. a process of desolvation occurs. Thi~ 
is to say that high temperature thus removes the solvent lea\'ing behind only the 
microscopic salt. The solid salt sample further vaporize to form gaseou,s molecule,s 
which then dissociate to form atoms in a process called atomization. All these steps 
mentioned above happen in the preheating zone as depicted in the figure 2.ll) helow 
which is followed by a summary of the processes that occur in the plasma in Figure 
2.20. 
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Figure 2.19: Schematic diagram or dilTerent zones or plasma; IR - Induction Region. PHZ 
- Preheating Zone. IRZ - Initial Radiation Zone, Ni\Z - Normal Analytical Zone [l)~[ 
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Figure 2.20: A sUlllmary of the processes that occur in the plasma Il)~ I 
The excitation and ionization processes occllr preclominantly in the initial ra-
diation zone (IRZ) and the normal analytical zone (NAZ) where temperatures are 
slightly higher than the PilL The NAZ is the region of the plasma from which ana-
Iyte emission is typically measured 198]. The excited atoms and ions in the plasma 
emit light at different wavelengths. This results in emission of light of unique fre-
quencies which can then be measured using a po]ychromator. This polychromatic 
radiation must be separated into individual wavelengths so the emission from each 
excited species can be identified and its intensity can be measured without interfer-
ence from emission at other wavelengths 1981. The particular wavelength exiting the 
monochromator / polychromator is converted to an electrical sif:nal by a photode-
tector 1971. 
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Figure 2.21: Schematic diagram of a torch Llsed in ICP-OES [981 
The main analytical advantages of the ICP over other excitation sources orig-
inate from its capability for ef1icient and reproducible vaporization, atomization. 
excitation. and ionization for a wide range of elements in various sample matrices 
197]. The high temperature of the ICP also makes it capable of exciting refractory 
elements. and renders it less prone to matrix interferences 1971. 
Source 
The malll function of the source is to produce emission spectra characteristic of 
the elements to be looked for in the sample. The source must be able to excite 
lines of all the elements of interest as well as to be reproducible when exciting ion 
moving from one sample to the other. It must also provide sumcient line intensity to 
achieve the minimum required accurate detection limits with minimal low spectral 
background. It is important also for the source to provide uniform and reproducible 
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sample vaporisation and efficient atomisation [0 avoid variation of replicates. 
Radio frequency 
The radio frequency (RF) generator is the device that provides the power for the 
generation and sustainment of the plasma discharge [98). 
Nebulizer 
Nehulizers are used to break down solution particles into fine aerosol as already 
discussed above. The solution mixes with both the fuel and oxidant gas to break the 
large :-,olution particles. The commonly used nebulizers are: concentric. criss-cross, 
fritted disk and babington nebulizers. 
The concentric nebulizer is the most common nebulizer, and it is used in many 
instruments. The solution is sucked through a capillary tube and the high pressured 
gas (mixture of fuel and oxidant) enters on the side of the nebulizer and passed on 
the outside of the capillary that has the solution. On exit, the solution mixes with the 
high pressured gas to break the solution into fine aerosol. 
The criss cross nebulizer allows both the solution and high pressured gas to enter 
at 90 degrees or at right angles to each other and the gas blows or breaks the solution 
into fine aerosol. 
Fritted Disk Solution is sucked from one side of a fI'ittecl disk / membrane and the 
high pressured gas from the other side so that the gas passes through the f1-ittecl disk 
to break the large particles of solution on the other side of disk or membrane. A very 
fine aerosol is produced hy the nebulizer. The nebulizer has the highest efticiency 
but it is prone to blockages. especially with high salt content solutions. 
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The babington nebulizer is used with high salt content solutions, as the solution 
flow down on the side of a glass bulb with a small orifice, the high pressured gas is 
passcd within the glass bulb and forced out through the small orifice breaking the 
flowing solution into fine aerosol. 
spray chamher 
Spray chamber (Figure 2.22) is placed between the nebulizer and the torch in the in-
strumenl. Its main function is to remove large droplets from the aerosol becau~e only 
minute droplets are suitable for injection into the plasma. Generally only droplets of 
a diameter of about 10//111 or less are permitted into the plasma. The large droplet~ 
are taken into the drain. Spray chamber is also used to smooth out pulses that may 
occur during nebulization due to pumping of the solution. 
t To I Torch 
Nebulizer 
'. 
TO\ 
Drain 
Figure 2.22: Schematic diagram of a spraychaillber lIsed ill ICP-OES 1l)::I1 
2.8.3 UV Visible Spectroscopy 
UVlYis spectroscopy is used in analytical chemistry for the quantitative c1etennina-
tion ofanalytes, such as transition metal ions, highly conjugated organic compouncis, 
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and biological macromolecules. Spectroscopic analysis is mainly done in solutions 
but solids and gases may be studied also. 
Ultravioletvisi ble spectroscopy or ultraviolet -visi ble spectrophotometry (U V /Vi s) 
rekrs to absorption spectroscopy or reflectance spectroscopy in the ultraviolel-\'islble 
spectral region. In this region of the electromagnetic spectrum, molecule~ undergo 
electronic transitions. 
Molecules containing pi-electrons or non-bonding electrons (n-electrons) can 
absorb the energy in the form of ultraviolet or visible light to excite these electrons 
to higher anti-bonding molecular orbitals. Many organic molecules absorb ultravi-
olet/visible radiation and due to the presence of a specific functional group. The~e 
groups that absorb the radiation arc called chromophores. 
Factors affecting ahsorption 
The solvent 
It is necessary to know the properties of the solvent to be used during UV /Vis spec-
troscopy as many solvents absorb in the UV or visible regions. The polarity and pH 
of the solvent can affect the absorption spectrum of an organic compound. When a 
polar solvent is used the dipole-dipole interaction reduces the energy of the excited 
state more than the ground state. hence the absorption in a polar solvent such as 
ethanol will be at a longer wavelength. The excited states of most h-J)I" electronic 
transitions are more polar than their ground states levels. This is because there is a 
greater charge separation is observed in the excited state. 
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Degree of conjugation 
Conjugated organic compounds with high degree of conjugation absorb light in the 
UV or visible regions of the electromagnetic spectrum. Organic compounds that 
contains double or triple bonds generally display useful absorption peaks in the 
ultraviolet region since the electrons in unsaturated bonds are relatively loose and 
hence easily excited. Two types of electrons are responsible for the absorption of 
the ultraviolet and visible radiation by organic molecules which are. (I) shared elec-
trons that participate directly in bond formation and thus associated with more than 
atom and (2) unshared outer electrons that are largely localized about such atom as 
ocyegen . the halogens. sulfur and nitrogen [991, Therefore how tightly the electrons 
are bound directly inAuence the wavelength at which the organic molecule absorbs 
the radiation. The solvents for these determinations are often water for water-soluble 
compounds. or ethanol for organic-soluble compounds as organic solvents may ab-
sorb resulting in erroneous results. 
The method used in a quantitative way to determine concentrations of an absorb-
ing species in solution, using the Beer-Lambert law: 
A = /OYIIJ (i1J/1) = ({be (2.X.I) 
where A is the measured absorbance. in Absorbance Units (AU). 1'1 is the inten-
sity of the incident light at a given wavelength I is the transmitted intensity. {{ is a 
proportionality constant called the absorptivity, b the pathlength through the sample 
and c the concentration of the absorbing species. 
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2.9 DPPH radical scavenging activity 
DPPH is one of a few stable and commercially available organic nitrogen radicals 
and has a UV-vis absorption maximum at 515 nm r 1001. The DPPH antioxidant 
assay is based on the ability of 2,2-diphenyl-I-picryl-hydrazyl (DPPH) radicaL to 
decolourize upon the addition of antioxidants. When DPPH accepts an electron 
donated by an antioxidant compound, the DPPH is decolourizecl which can be quan-
titatively measured from the changes in absorbance [1011. Antioxidant efficiency 
is measured at ambient temperature and thus eliminates the risk of thermal degra-
dation of the molecules tested [1021. This also allows us to make fair proiection~ 
of the efficiency of the plant extracts in the presence of radicals in the body a~ the 
experiments are done at room temperature. The antioxidant activity of phenolics is 
mainly due to their redox properties, which allow them to act as reducinf: agenh. 
hydrogen donators, and singlet oxygen quenchers r 1031. 
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Chapter 3 
Objectives of the study 
Summary 
This sUlllmarizes the general and specific ohjectives of the study. It also includes the 
JlIstllicatiun and novelty 01 the study. 
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3.1 General and specific objectives 
3.1.1 General objectives 
Develop a PHWE method for extraction of essential and non es.~ential chemicals 
from Moril7g({ Olci/£'rct and Moril7g({ Ol'ali{o/io leaf powder for possihle additions 
in food products, 
3.1.2 Specific objectives 
• To optimise the PHWE method hy varying extraction temperature and sample 
amount. 
• To evaluate the efficiency of thc PHWE system on Moril7gu as compared to 
boiling sample. total digestion for clemcnts and acid hydrolysis for Ila\'onols, 
• To determine the total phenolic and flavonoid contents in the leaf powder of 
two Moril7ga species extracted using the PHWE technique, 
• To determine mineral substances in Moril7ga extracts obtained using PHWE 
technique, 
• To determine antioxidant activity and reducing activity in Moril7go extracts 
ohtaillcdusing the PHWE tcchnique. 
3.1.3 Hypothesis and Research Questions 
Hypothesis 
Pressurised hot water extraction can be used to extract essential compounds from 
Morillga O/cifcm and Morillgo Ol'alij()/io leaves. 
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Research Question 
• Spccifically this rescarch projcct secks to. answcr the following; What kind 
of essential compounds can be extracted in Moringu Oleifem alld Moringu 
O\'olij(I/i([ leaf powder by PHWE system? 
• At whattelllperature and pressure can PHWE erficiently extract variolls chelll-
icals compounds I'rol11 Moringu Olcifero and Moring(/ Om/ij(I/i({ leaf powder'1 
3.1.4 Justification 
The South African gnvernment is pushing cnmmunities to grow Moringo trees for 
poverty and malnutrition eradicatinn. It is true that consllmption of Moringu tree 
parts sLlch as leaves and ronts can be a significant snurce nf nutrients some nf which 
are gnnd in the medicinal sense. It is also true that supplementatinn of other fnnels 
nther than the direct cnnsumption of Morillg({ parts could even be more beneficial. 
This can he achieved by extracting these nutrients from Morillg([ and fnrmulating 
concentrates that can be spiked in other fonds such as baby fonels. Tn this encl. novel 
extraction technolngies that can be effectively implemented in this avenue such as 
PHWE bei ng explored in this study should be pursued for the parameters enumerated 
under nbjectives. 
3.1.5 Novelty 
Although PHWE extraction has been described for the extraction of chemicals in 
plants. no optimization has been performed for isolating targeted nutrients for value 
addition in food products. This requires that all essential chemicals are preserved 
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and isolated with extremely high yields 
Chapter 4 
Materials and Methods 
Summary 
The main focus of this chapter is to give details of materials anc! to cle.~cribe pro-
ceclure-; usecl to generate elata. The chapter also elaborates on sample preparation 
methods, techniques employed for extraction as well as preparation of reagents Llsed 
for quantification. Analytical techniques are also described. 
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4.1 Chemicals and Reagents 
All reagents used were of analytical gracle. Quercetin. myricetin. kaempfero1. methanol 
(HPLC grade). formic acid. sodium hydrogen phosphate anhydrous. citric acid. 
Folin - Ciocalteu reagent. potassium ferricyanide, ferric chloride. gallic acid. sodium 
carbonate. diatomaceous earth. sodium nitrite, trichloro acetic acid and 2.2-diphenyl-
I-picrylhydrazyl free radical (DPPH·). were purchased from Sigma Aldrich (.10-
hannesburg. South Africa). Ultra-pure water from a purification system. Milli-Q. 
Millipore (MA. USA) was used in all the experiments. Quercetin. myrieetin and 
kaelllpfcrol standards were prepared as stoe k solutions at 100 rng L -[ in methanol 
and stored in an opaque container at -18ue. 
Stock solution (I ()() Il1g mL -I) containing a mixture oj' kaell1p!'crol. ll1yncctill 
and ljuercetin was prepared by dissolving an appropriate amount of each compound 
in 100 mL methanol. This stock solution was used for the preparation of intennedi-
ate solutions that were used for calibration curves during analysis. When not in use 
the stock was stored at _18 Il e. 
0.02 M Na'2HPOj was prepared by dissolving 2.8302 g of the butler, molecular 
weight 141.06 g 11101- 1 in water of about z.;OO m L and topped up to I.n L whi 1c 
adjusting the pi! t() 2.5 by citric acid. 19.21 g ()f citric acid monohydrate CI;lL .. O~ of 
molecular weight 192.12 g mol- I was dissolved in 50 Il1L water to make 2.0 M. 
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4.2 Sample preparation and extraction 
4.2.1 Plant material 
Leaf samples of Moringo Oleifem were collected from a Limpopo farm near Polok-
wane and an Atteridgeville farm near Pretoria. Both of these farms are in South 
Africa. The samples were rinsed with distilled water immediately after harvest and 
left to air dry in a sterile environment in a shade. The leaves were pounded with a 
pestle and mortar and sieved with a 25 I"n sieve and stored in an opaque container 
for later extraction in PHWE system or MAE. Moringa O\'ulirolia leaf samples \vere 
collected from five different sites where the tree naturally grows In Namihia. These 
are OkahandJa. Okaukuejo also known as Ghost forest. Halali which is situated in 
Etosha national park. Tsumeb ane! Keetmanshoop in the Karas region. The leaf 
samples \vere treated in the same way. 
4.2.2 Pressurised Hot Water Extraction Procedure 
0.5 g of Moringa Oleirem powder and 0.5 g of diatomaceous earth were both weighed 
into an extraction cell which is then connected to the pressurised extraction system. 
An old gas chromatography (CJC) oven was usee! for programmed heating of the 
sample in the cell. A typical procedure entails pumping of deionised water at a 
Aow rate of 1.0 mL m i n- 1 Typical pressure was 1000 - ~()()O p.si. A n oven was 
programmed to operate at I ()()lIe for 2() minutes. Prior to pumping. the oven and 
the extraction cell are allowed tn equilibrate to the desired temperature for at least 
10 minutes while the deionised water was heated to ROIIC to minimise temperature 
gradient. Continuous pumping was clone at appropriate temperature and the extract 
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collected at the end. The valve placed between the oven and the extraction bot-
tie (container) was used to regulate pressure. A thermometer was used to monitor 
the temperature of the water. The collected extract was taken for further analysis. 
As part of optimisation. temperature of the extraction cell was varied from 2.'illC to 
0.1 g of Moril1gu O\'([lif'o/i{( was mixed with 0.9 g of the diatomaceous earth and 
extraction done a\ elaborated above. 
4.2.3 Microwave digestion of plant leaves for elemental analysis 
8.0 mL of concentrated nitric acid was added to 0.1 g of the leaf powder into the self-
regulating pressure control digestion vessel with a vent plug and Tellon liller~. 2.0 
mL of the hydrogen peroxide was added and the digestioll dOlle for 30 minute'.. The 
samples were then filtered with a 0.45 I,m filter paper into a 2.'i mL volumetric flask 
and tilled up to the mark with deionised water. Sample~ were taken fm elemental 
analysis on the ICP-OES. 
4.2.4 Hydrolysis of extracts 
To 1.0 mL of the extract. 1.0 mL of 6OCYo 2.8 M HCI in methanol was added and 
incubated in a water bath at 90°C for 2.5 hours. After hydrolysis. the extracts were 
allowed to cool, filtered with a 0.45 I,m filter paper prior to injection in HPLC. 
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4.3 Measurenlent of Reducing Power 
The reducing capacity of a compound may serve as a significant indicator of its 
potential antioxidant activity 11041. In the reducing power assay, the presence of 
reductants (antioxidants) in tested samples result in reducing Fe l+ I ferricyanide 
comp lex to the ferrous form (Fe~+) ! IOSI. The recluci ng power of the M oril1g({ 
O/eilem extracts were determined using the method described hy Siddhuraju and 
Becker. :20m !201. I mL of the extract \vas mixed with 0.2 M phosphate huffer 
(5 mL pH 6.6L I C;;r pota.ssium ferricyanide (5 mLL and then incubated at solie 
for 20 minutes. 10C,1r trichloroacetic acid (5 mL) was added to the mixture to stop 
the reaction and centrifuged at 3000 rpm for 10 minutes. The supernatant (5 mL) 
was mixed with distilled water (S mL) and 0.1 % ferric chloride (I mU and the 
absorbance measured at 700 nm using UV - visible spectrophotometer. Ahsorhance 
measured is directly proportional to reducing power of the extract. 
4.4 Deternlination of Total Phenolic Content (TPC) 
Total phenolic contents were determined by the Folin-Ciocalteau method !2()1. The 
extract samples were prepared using the method of Moral'S ('/ 0/,2008 ! 1061. O.S 
mL of extract in distilled water (I: 10) was mixed with 2.S mL of Folin-Ciocalteu 
reagent diluted in distilled water (I: 10 v/v). The mixture was hand shaken and after 
5 minutes of rest. 2 mL of sodium carbonate 4(Yr (\'/v) were adeled. Samples were 
incuhated for 2 hours in the clark and ah.sorbance measured at 7...\.() nm lIsing UV /Vis 
spectrometry. The calihration curve was prepared by four data points ranging from 
10 to 100 I/g Ll solutions of gallic acid in water. 
4.5 DPPH· (2,2 - diphenyl-2- picryl -hydrazyl) Free 
Radical Scavenging Capacity 
The stable 1.I-diphenyl-2-picryl hydrazyl radical (-OPPH) was used for determina-
tion of free radical-scavenging activity of the extracts [201. OPPH radical is used as 
a substrate to evaluate anti-oxidative activity of the Moril7go 0/(';(('((1 leaf extract. 
The antioxidant activity of different extracts was measured in terms of hydrogen do-
nating or radical <;cavenging ability. using the stable radicaL DPPH method adapted 
from !201. 0.1 mL of extract at various concentrati()ns was added to 3.9 mL (O.02."i g 
L I) of OPPH· solution. The decrease in absorbance at."i l."i nm was determined COll-
tinuously at every minute with a spectrophotometer for 2() minutes. The remaining 
concentration of OPPH· in the reaction medium was calculated from a calibration 
curve obtained with DPPH· at."i l."i nm 1201. The anti-radical activity was calculated 
using the ratio given below: 
(4.5.1 ) 
where. A'OIl/I"/ is the absorption of the DPPH at time = () minutes anel A"""I'/' IS 
the absorption of the DPPH solution after the additioll of the sample at a particular 
time. The assays were carried out in triplicate and the results were expressed as 
mean values ± standard deviations. 
4.6 Inductively Coupled Plasnla-Optical Elnission (ICP 
- OES) analysis 
About 5 mL of plant extracts frolll the PHWE system were analysed for metal COIl-
tent using ICP - OES. ICP - OES was first calibrated using standard metal solutions. 
Samples for total analysis of the metals digested by microwave assisted extraction 
(MAE) were also analysed with ICP - OES in a similar way. 
4.7 HPLC analysis of ftavonols 
The Bischoff HPLC (Mctrohm. Johannesburg. RSA) systel11 consisting of a Gemini 
Phenyl - C, column (150 x 4.6 ml11. 5 11111 i.d) with a UV- Vis detector set at 254 
11111 was u"ed for the ljuanttlicatlon of the components. Samples were eluted under 
isoeratic condition with methanol and 20 mM sodium dihydrogen phosphate buffer 
adiustcd to pH 2.5 with citric acid (55:45 v/v and 0.1 c/r formic acid). The flow rate 
was optimised to 1.0 mL min-land the injection volulT1e was 20 IlL. Samples were 
prepared in triplicates. Quantification of Illyricetin. quercetin and kaempferol were 
done using a four-point calibration curve of standard solutions at cOl1centrations 
between I.n and 30 Ilg I11L -I. 
4.8 Detennination of extraction kinetics 
The tirst mucr or extraction kinetics was calculated by calculating the natural log or 
the actual concentration of the extract while the second order of extraction kinetics 
was found by taking the inverse of the actual concentration of the extract. 
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4.9 Statistical Analysis 
All measurements were clone in triplicates and data reported as mean ± SO, where 
SO is the standard deviation. Some calculations were reported as mean ± cic RS 0 
4.10 Instrumentation and Techniques 
The following analytical equipments and apparatus were used for the sample prepa-
ration, extraction and analysis. 
4.10.1 High Performance Liquid Chromatography (HPLC) 
Bischoff HPLC (Metrohm, Johannesburg, RSA) system consisting of a Gemini Phenyl 
- Ci column (1.'10 x 4.6 ml11, .'1 /1111 i.d) with a UV-Vis detector set at 254 nm was 
used for the quantificatloll of the compoullds. 
4.10.2 Inductively coupled plasma-optical emission spectroscopy 
(ICP-OES) 
An Inductively Coupled Plasma-Optical Emission Spectroscopy (Spectro Genesis, 
Spectro, Germany) was lIsed. The parameters usee! in ICP-OES are shown in Table 
4.1 below: 
4.10.3 UV-VIS spectroscospy 
/\ UV/vis spcctrmcopy (Varian, Cary 50 Conc, Germany) and a Varian Cary IE 
double beam spectrophotometer (Palo Alto, CA, USA) was used at the wavelengths 
of interest depending on the particular test conducted. 
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Table 4.1: Operating conditions of the ICP-OES 
Parameter 
RF power 
Coolant gas flow 
Auxiliary gas fiow 
Nebulizer gas \low 
Sample pump flow 
Sample aspiration rate 
Replicates 
Plasma torch 
Spra) chamber 
Nebulizer 
Processi ng mode 
4.10.4 Microwave digestion 
1400W 
14.00 L min-\ 
1.00 L min-\ 
I.OOLlllin \ 
:2 . 00 Lilli n - \ 
2.00 L min-\ 
3 
Quartz 
Single pass 
Cross flow 
Area 
Moringa leaf powder was digested using Multiwavc 3000 SOLV Anton Par 1111-
crowave (Osterreich, Austria). 
4.10.5 Ultrasonicate hath 
Mobile phase was u 1 trason icated on the Transsonic 460 ultrason ic bath (Elma. S in-
gen. Germany) to enhance dissolution and to eliminate air bubbles prior to use in the 
I-IPLC. 
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Chapter 5 
Results and discussion 
Summar) 
This chapter IS based Oil the 1l1ll1illgs or the research work. It gives cxplailatil1llS I'or 
certain trends that were observed. The results relate to the following: 
• The ftavonols found in extracts from the leaves 
• The radical scavenging activity of the extracts from the leaves 
• The ability of the leaf extracts to reduce ferrous cyanide complex to ferrous 
form 
• The total phenol ic content of the extracts from the leaves 
• The micro and macro elements contents found in the leaf powder from the two 
Morillgu species. 
5.1 HPLC analysis of the tlavonols 
The ftavonols were separated in a Gemini C-6 phenyl. 5 1/111. column. Myricetin is 
eluted first followed by quercetin and lastly kaempferol which is less polar hence 
has more affinity for the stationary phase. This i~ shown in Figure 5.1. 
III \. ! I Stal1(Lnd l11i'\tuf'{' 
20 2 
3 
I~ 1 
111 
5-
() 2 :. -l ~ (i S () 111 11 1 2 1.\ III i Il 
III \. \lnril1g,'\ (·'\trzict (lOn 
:'0(1 ! 3 
-lOll 
2 
,I () II 
20n ! 
11111 
II , 
-
,I 
-l .:: (i S \) 11.1 11 12 I -' III i II 
Figure S.I: Chromatograms of I) myricetin. 2) quercetin and .'I) kaempferol in the extract 
compared to the ones in the standard mixture. 
The results in Figure 5.1 confirms the presence of the Ilavonols myricetin. quercetin 
and kaempferol. The two peaks for quercetin anc! kael11pferol in the plant extract are 
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clearly resolved with reasonable peak height while for myricetin the peak height is 
small and not resolved from the other polar substances that are eluted early. This 
is because Illyricetin unlike the other two Ilavonols docs not survive the harsh con-
ditions of acid hydrolysis of which the other Aavonols survive so that they are lih-
erated to forlll aglycones. Acid hydrolysis breaks the glycosidic honds to realease 
the flavonol aglycones which can then be detected and quantified. This is because 
in nature, Aavonoids can occur either in the free or conjugated forllls, oftcn heing 
e.steri tied to nne or two sugar Illolecu Ies, through at least one hydrox yl grou p [651. 
A Illong fl avonols, hydrox ylation decn:ases retention ow I ng to i ncreasi ng po lari ty 
(hydrogen bond formation ability) and the elution pattern is aflected by the number 
or OH-gruups [6l [. Therdore myricctin i.s retained less than quercetin and linally 
than kaelllpfcroljust as the order of OH- substituents decrease. 
5.2 Linearity, LOD and LOQ 
Thc calibration curvc used for quantification is shown in Figure 5.2. Thc calibration 
curve was linear frolll 1.0 mg L- I to 30 Illg L -I conccntration range with acceptable 
correlation factors 01'0.99 for all the tlavonols. The lilllit of detection LOD is detlned 
as the lowest concentration that can be detected but nut necessarily be quantified. 
One way of determining this concentration is by determining the concentration that 
i.s three times greater than the background noise 0 x SIN). The LOQ was calculated 
as 10 times the lilllit of detection. Both LOD and LOQ are shown in Table .5.1. 
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Figure 5.2: Typical calibration curve of myricetin, quercetin and kaempferol. 
Table 5.1: LOD and LOQ for fiavonols 
Flavonol 
Myricetin 
Quercetin 
Kaempferol 
LOD 
Mg mL- 1 
0.016 
0.028 
0.038 
LOQ 
Mg mL- 1 
0.16 
0.28 
0.38 
5.3 Effect of filtering the extract before hydrolysis on 
quercetin and kaempferol 
The flavonols were lower in concentrations when the extracts were filtered prior to 
hydrolysis and significantly higher when filtering was done after hydrolysis as seen 
below in Figure 5.3. It is possible that some compounds were lost when filtering 
before hydrolysis since such minimal amount of aglycones were only liberated dur-
ing hydrolysis. This therefore implies that it is of prime importance to only filter the 
extracts after hydrolysis prior to injection. Myricetin unlike the other two flavonols 
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of interest, did not need to be hydrolysed as it degrades under hydrolysis condition. 
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Figure 5.3: Significance of filtering after hydrolysis in sample fractions collected at differ-
ent extraction times. Extraction temperature was at 25°C and sample flow rate of 1.0 mL 
min-1 
Figure 5.3 shows that the first 5 mL extract collected for the first 15 minutes, 
before hydrolysis, the amount of ftavonols was almost the same while after hydrol-
ysis kaempferol is almost one and half times more of qurcetin. This means before 
hydrolysis the behaviour of the two ftavonols is the same. Hydrolysis conditions 
however favour kaempferol because the same extract subjected to hydrolysis condi-
tions resulted in significantly higher concentrations of kaempferol. 
Figure 5.3 also shows that the concentration of the ftavonols decreases with col-
lection time. Extracts collected in the first 5 minutes were more concentrated than 
the ones collected in the next 5 minutes and so the trend was the same with subse-
quent fractions. This was expected because during extraction, the first fractions were 
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highly concentrated hecause as the water was introduced into the cell in the PHWE 
system, the effect of pressure and temperature resulted in the opening of the cells 
reaching out to the active sites where the target molecule was bound. Because of 
this rapid entry, there is desorption of the target molecules which are then eluted at 
high concentrations while the suhsequent extracts would have lower concentrations 
because the active sites could be depleted of the target molecules. Nonetheless these 
last fraction." h,ld fairly high amounts of flavonols. 
Quercetin after hydrolysis in the last three fractions, seemed to be constant unlike 
kaempferol which was decreasing with time. It could possibly mean that while 
the temperature was maintained at 25('C, the rate of desorption of quercetin from 
the active sites of the organic matter remained the same. As for kaempferoL the 
decrea.,>e suggested that the active sites were being depleted of the analyte. It is from 
this exreriment that a compromise volume of extraction was deduced to be 20 ml. 
5.4 Influence of extraction temperature on the amount 
of quercetin and kaempferol extracted 
The results of the influence of extraction temperature arc shown in Figure 5.4. All 
the figures show that within the first few minutes, there arc higher concentrations 
of the tlavonols which then decrease with collection time. This is expected and 
has been discussed alreadv under Section 5.:1. The results also '>how thM increas-
ing the temrerature results in increased concentrations of the f1avonols extracted. 
Figure 5.4a shows a value of about 170() mg kg- 1 for kaempfcrol when extraction 
was clone at 25 11 C. When extraction \Va.'> done at I ()(yle, the value almost doubled. 
This implies that with increased temperature the mas~ transfers are enhanced and 
the cells break open more to release the target analyte. There is reduced viscosity 
and improved diffusivity of water to allow better penetration through the matrix par-
ticles [871. The same pattern was observed with quercetin which was found to be 
less dominant than kaempferol. In general, extractions at higher temperature give 
increased mass transfer rates and higher extraction yields as a result of improved 
solute dcsorption from matrix active sites Ifi41. However. there is a significant los:-
of kaempferol at 150IJ C while for quercetin more is relatively extracted. It could 
be due to structural differences that the loss exhibited by kaempferol defied general 
observations of higher yields at higher temperatures. 
Kaempferol is seen to be highly predominant at all temperatures. No concrete 
reason can account for this discrepancy because generally for the hydrolysis pro-
cess. although from literature optimum compromise is to achieve complete release 
of aglycones and to minimi7e degradation reactions of compounds involved [1071. 
Different plant materials contain different fiavonoids and phenolics compounds in 
different forms. resulting in variable amount and also susceptibility to degradation 
11081. Many factors influence the distribution of tbvonols in the plant. Distribution 
of phenol ics in plants at the ti ssue. ce lIular and subcellu lar leve Is is not uniform 1551. 
The impact of geographical location on the extraction of total phenol content is also 
supported by the fact that variety of diverse hlctors such as worldwide changes in 
seasonal patterns. weather episodes. temperature changes. biotic and abiotic stresses 
may affect the production of secondary metabolites in plants lfil. Other contributing 
factors could be due time and period of collection. geographical origin and climatic 
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Figure 5.4: Variation of quercetin and kaempferol concentrations from 0.5 g of Moringa 
Oleifera leaf powder at 1.0 mL min - 1 flow rate (a) extraction at 25°C (b) extraction at 100°C 
(c) extraction at 150°C. 
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conditions [6]. Therefore optimum hydrolysis conditions for kaempferol may not 
necessarily be optimum for quercetin. What matters is that all the target compounds 
are extracted and quantified. The time taken for collection of extracts at 25, 100 
and 150°C extraction temperatures were 50, 20 and 10 minutes respectively. This 
allowed to collect all the compounds from the system. 
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Figure 5.5: Variation of myricetin, quercetin and kaempferol concentrations in 0.1 g of 
Moringa Oleifera and Moringa Ovalifolia leaf powder at 1.0 mL min- 1 flow rate and ex-
traction temperature of 2S°C. 
5.5 Total Phenolic Content (TPC) studies 
5.5.1 Effect of incubation time on Total Phenolic Content 
During the process of oxidation of phenol, Folin-Ciocalteu reagent which is a mix-
is reduced to blue oxides of tungstene (W S0 23) and molybdene (MOS0 23) [6]. This 
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reaction was optimised by varying the incubation time. As seen in Figure 5.6, the 
longer the incubation time more of the phenolics are released. In this study however, 
incubation period of 2 hours was used in order to save time. 
The extraction temperature and the incubation time directly influence the phe-
nolics released. The incubation process is also a time dependent process. The more 
time is allowed, the more the available phenolic compounds are oxidized and in the 
process Folin -Ciocalteu solution is reduced. 
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Figure 5.6: The effect of incubation time on the total phenolic content. 
5.5.2 Variation of total phenolic contents of extracts with extrac-
tion temperature 
Table 5.2 shows that with increasing extraction temperature, the phenolic contents 
do increase. As already discussed above, at higher extraction temperature the water 
becomes less polar and hence dissolves more compounds which are less polar. More 
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phenolics would therefore be extracted at moderately high temperatures. However, 
too high extraction temperatures degrade the phenols as seen by a drastic drop of 
the phenolic contents at :WOIic. In addition to that the recovery of the phenolic con-
tents at 200 llC is not reproducible as seen by the high percentage relative standard 
deviation. 
Table 5.2: Variation 01' total phenolic contents 01' the 0.5 g lear extracts 01' Morillgo O/ei/ero 
with extraction temperature at incubation time of 2 hours 
Temperature (iiC) Total Phenolic Content 
(mg kg-I) ± (jrRSD 
25 I 432 ± 1.21 
50 1 507 ± 0.15 
100 1757 ± (U5 
150 1984 ± 0.58 
200 77 ± 36.]6 
Table 5.6 shows the same pattern. Boiling the powder from the leaves for fewer 
minutes resulted in higher concentrations of the phenolic contents. Table 5.5 shows 
concentrations that compare very well with the ones in the study. Two of the sam-
piing sites in (Balokok and Chakwaal) .showed concentrations of ahout 30 non mg 
kg I as the values obtained in this study for Moringo O\'(//ij'o/iu. Composition of 
phenolic compounds varies widely with other factors such as the stage of maturity, 
variety. part of the plant analyzed, post-harvest handling. processing and storage 
[1091. M,lIly factors could have attributed to this. The values for Moringo OIeifem 
are however low. However hoiling for longer times resulted in less phenolic con-
tents recovered. This implies that when exposed for long at high temperatures they 
do degrade. 
Table 5.3: Variation of tot~tl phenolic contents of 0.1 g leaf powder of M()rillgu OI'({/ijC)/iu 
extracted at 25 11 C and incubated for 2 hours 
Sampling site Total Phenolic Content 
(mg kg-I) ± %RSD 
site 34090 ± 0.04 
site 2 40096 ± 0.077 
site 3 3 1483 ± 0.12 
site 4 30483 ± o.on 
site 5 3 I 296 ± 0.036 
Table 5.4: Variation of total phenolic contents of 0.1 g leaf powder of Morillgu O\'cliifc)/iu 
of site 4 extracted at different temperatures and extracted and incubated for 2 hours 
Temperature C1C) Total Phenolic Content 
(mg kg I) =t ?rRSD 
25 
100 
150 
]0 4XX J= O.()78 
] I 260 ± 0.092 
31 376 ± O'(l44 
5.6 Total flavonol Content of the Moringa sp leaf ex-
tracts 
A summation of the respective ftavonols of the tirst 10 ml (different fractions making 
up In ml) of the fractions of the leaf extracts was clone and the amounts compared. 
The concentrations of flavonols increase with increaSing temperature. Highest con-
centrations of myricetin anc! kaempferol was recorded at I nOlJc but do decline at 
1501le. The results for kaempferol are in agreement with the results above in Figure 
5.4 which shows an decrease in concentration even at l501J e. This is in agreement 
with literature that states that extraction techniques may either cause degradation of 
the targeted compounds clue to high temperature ancllong extraction times \63\. The 
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Table 5.5: Total phenolic content 01" methanolic extracts of Morillg(l Glelfero leaves grown 
in Pakistan 11101 
Sampling site 
Balakot 
Chakwaal 
Nawabshah 
Jamshoro 
Mardaan 
Total Phenolic Content 
(mg kg· I) ± 9'cRSD 
31 260 ± 0.31 
30488 ± 0.38 
88200 ± 0.34 
88900 ± 0.33 
127 900 ± 0.29 
Table 5.6: Variation of total phenolic contents 01' the O.S g leal" powder 01" Morillg(l Oleifem 
when boiled for different times at incubation time of 2 hours 
Boiling Time (minutes) Total Phenolic Content 
mg kg I ::r(lr RS D 
() 842 r 1.03 
."i 024 ± 8.0() 
I() 084 ± 6.6 I 
15 039 ± 7.14 
20 164 ± 2.79 
slight decrease at IOOIIC for quercetin could be due to experimental errors. [n gen-
eraL extractions at higher temperature give incrcasctl mass transfer rates and higher 
extraction yields as a result of improved solute desorption from matrix active sites 
1641. 
However as for quercetin there is no consistency when comparing Table 5.7 and 
Figure 5.4. It is important to note that several factors might affect the contents of 
the phenolic compounds such as the way of preparation (plant processing, concen-
tration. time and temperature). the cultivation characteristics (soil, climate stresses) 
and the method of analysis [1061. 
Sreelatha and Padma 2010 1181. determined quercetin and kaempferol content 
in the mature leaves of Moring(l Oleifem and found 795 and 216 mg kg-I for the 
respective navonols. These are signiticantly lower than the amount found in this 
study which are 1488 and 3440 mg kg- 1 for the highest concentration of quercetin 
and kaempferol respectively. Despite the fact that the Folin Cio\calteu method is 
routinely used in various laboratories. the specific dctaib of the method differ con-
siderably making it more dirticult to make fair comparison. Therefore. when the 
comparison of results from different laboratories are done. the comparability of the 
values obtained by each analyst is doubtful even if each relative value can be infor-
mative /1111. 
Tahle 5.7: Variation of myricetin. quercetin am! kaelllpferol ill the first 10 III I extract., with 
extraction temperature where myricetin was analysed prior to hydrolysis while the other 
flavonols were analysed after hvdrolyis 
Temperature 
(!lC) 
25 
100 
150 
Myricetin 
(mg kg-I) 
406 
2699 
1496 
Quercetin 
(mg kg - I) 
142l) 
840 
1488 
Kacmpferol 
(mg kg - I ) 
3mo 
3440 
Ino 
N.B: No percentage relative standard deviation was done as the values are the 
summation of different fractions. 
5.7 Extraction Kinetics 
The order of the extraction kinetics for all the I~avonols at 1501l C were found to be 
first order. Quercetin unlike others also followed second order at I SOlie. At IOOIle. 
quercetin and kaempferol hoth follow second order while myricetin followed tirst 
order. Kaempferol. at the same temperature also followed lirst order. At 2SllC 
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myricetin followed tirst order while the other followed second order of extraction. 
These differences arise due to variability of the way the target molecules are bound 
to the active sites. The following table summarises the correlation factors that were 
found in tilt' plots below: 
Table :'i.S: COlllpari.';oll ()f correl~llioll faclors of cXlraclilll1 killelic~ for quercetin ~lI1d 
kaempferol 
Temper;\ture 
2." 
100 
ISO 
Flavonols 
(rJC) 
myricetin 
quercetin 
kaempferol 
myriceti n 
quercetin 
kaempferol 
myricetin 
quercetin 
kaempferol 
1 st order Conclusion 
(R2) 
0.65 J 
0.66 x 
0.77 x 
0.99 J 
0.75 x 
0.96 J 
0.99 v 
0.90 J 
0.98 J 
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2nd order 
(RL) 
0.26 
0.81 
0.94 
0.87 
OXl 
0.99 
0.74 
()()4 
0.87 
Conclusion 
x 
J 
J 
x 
J 
J 
x 
J 
x 
6 
5 
-.$ 4 
.. 
:!! 
';: 3 
>-~2 
1 
0 
8 , 
7 
1 
o 
8 
7 
6 
.ES 
... 
" ~4 f 
:5 3 
2: 
1 
0 
o 
0 
• 
0 5 
2: 4 
1 2: 
y: ·0.1846x+ 5,0012. 
R2;; 0.6457 
• 
• 
10 
• 
15 20 25 30 
Time (minutes) 
, lO<YC 
-- ... 
y : ·0,454 7x + 7.6913 
fe = 0.9925 
6 8 
TIme (minutesl 
! -
lSlTe 
,--
3 .::1 
Tim e (miniute 51 
S 
10 12 
y. ·0,9341(+ 7,9439 
R,l.0,9931 
6 7 8 
Figure 5.7: Kinetics first order extraction of myricetin when extracted at; a) 25 b) 100 c) 
150°C. 
83 
-
-- ----
-_._-_., .. -
0.7 
25°C • y:: 0.0175x - 0,0082 0.6 - R2 :0.2562 L 
0.5 
..... 
~5 0,4 .. 
• 
.. 
. ~ 0.3 -.. 
> E 0.2 
- • ::t- 0,1 . 
0 ~ +- • --,.--- ,. 
0 5 1.0 15 20 2S 30 
Time (minutes) 
0 ,045 
y ;: O.005x - 0 .0159 
0.04 J R~ = 0.8688 • 
0.03 .5 ---
0.03 100°C "1 
,S; 0 .025 1 
.. 0 .02 Q/ , 
,!It 
... 
0 .015 >- • E ::::: 
~ 0 .01 ~ 
0 .005 • 
0 r - • .". 
-0 .005 0 5 10 15 
-0 .01 
TIme (minutes) 
-
0.25 
-
1 1500C I y = 0.0321x - 0.0125 • 0.2 4 R2 = 0.738 
0.15 ., 
:s 0.1 I • ., Q,I 
~ 
'i. 0.05 • 
• .§. 
-
0 ~ ... 
0 4 6 8 
-0.05 
-0.1 
lime (minutes) 
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5.8 The Ferric reducing activity of Moringa leaf sam-
ples 
The reducing power of the aqueous Morillg({ Ofeifem leaf extracts was determined 
spectrophotometically through their absorbance at 700 nm. In the reducing power 
assay, the presence of reductants (antioxidants) in tested samples would result in 
reducing FeH Iferricyanide complex to the ferrous form (Fe2+) 1105 1 (Figure 5.1 I). 
The results show that with increasing temperature. the extracts have the capabil-
ity to reducl' morl' of the ferricyanide to the ferrous form. This is consistent with the 
results obtained during evaluation or flavonol~.;. At higher temperature analYles of in-
terest are released more from the active sites of the matrix as such morl' antioxidants 
arl' extractecl. In addition to that. the solubility of thl'se antioxidant is enhanced at 
higher temperature. The differences for the reducing activity of different fractions of 
extracts could bl' attributed to the varied C]uantity of the phytochemical contents in a 
particular fraction of the plant. Figure 5.11 b shows that even with boiling Morillgo 
powder one is able to extract the antioxidants. However boiling is not as efiicient as 
PHWE. When the powder is boiled for fewer minutes less is extracted.This should 
.justify why supplementation or othcr roods aner PIIWE is ncccssary. Thc ligurc also 
shows that at 10 and IS minutes there is not Illllch difference with what is extracted. 
It is possible that at these times. extraction had reached maximulTl. 
Figure 5.12 shows that Ol'{l/ifo/i({ sp has the higher reducing activity as compared 
to the Ofcijc'm .lp. This was anticipated because the Omfij(I/i(/ .ljJ was collected 
from Namibia where it grows naturally without any cultivation or irrigation done. 
This meant the physiological stress it was subjeClL'd to was quite inten.se anel very 
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Figure 5.11: Reducing activity of Moringa Oleifera a) variation with extraction temperature 
b) variation with boiling time. 
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different as compared to that of the Oleifera sp. On that note, one would expect 
more production of the phenolic compounds in the plant to counteract the effects of 
stress. This plant stress could be due to little or no rain, insects, too much heat and 
others. 
Figure 5.12 also shows that temperature influences the reducing activity of Moringa 
Oleifera but not Ovalifolia. As discussed in the preceding paragraph, since Moringa 
Ovalifolia exist naturally in the wild, the phenolic compounds are readily released 
whenever the plant is subjected to any form of stress. However, Moringa Oleifera 
behaves in a different way most probably because the higher the extraction tempera-
ture, which can be taken as a stress parameter triggers more release of the phenolics 
which alleviate the effects of stress. 
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Figure 5.12: Comparison of reducing activity of two Moringa species at different temper-
atures. 
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Figure 5.13: Comparison of reducing activity of Moringa Ovalifolia from different sites 
and with Oleifera at 25 Dc. 
5.9 DPPH Radical scavenging activity of Moringa 
In this study, the Moringa Oleifera leaf extracts were found to have antioxidant 
properties as upon the addition of the extracts to the DPPH radical, colour changed 
from blue to yellow. Figure 5.14 shows the variation of the DPPH radical scavenging 
activity of the fraction collected every 5 minutes. 
The whole idea behind this experiment was to evaluate the effective plant extract 
against a radical. The first 5 mL was not reproducible. This could be an experimental 
error especially that it was a preliminary analysis as such fewer replicates were done. 
There was no trend established. The second fraction (10 minutes extract) reduced 
the concentration of the radical by about 30% while the third fraction (15 minutes 
extract) reduced the radical by 10%. This means that the most effective extract was 
the one that was collected after 10 minutes. It was concluded that throughout the 
experiments 20 mL of the extract would be collected. The subsequent fractions are 
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Figure 5.14: DPPH radical scavenging activity of different fractions collected at 5 minutes 
interval at 25°C. 
clearly ineffective against the radical because the radical concentration is still very 
high. 
Figure 5.15 below shows the behaviour of different extracts collected at differen 
temperatures in the presence of the radical. The most effective fraction that reduced 
the radical is the fraction that was collected at 100°C since it reduced the radical 
by about 45% (Figure 5.15). The fraction collected at 25°C was relatively good as 
it was found to reduce the radical by about 35% while fractions extracted at 150°C 
and 200°C were found to be ineffective against the radical. The extract collected 
at 50°C showed a reduction of the radical concentration but the challenge was the 
fact that the error bars were fairly high. This could be an experimental error. The 
results are generally in agreement with literature because too high temperature do 
degrade phenols while at the same time moderately high temperatures facilitate the 
break opening of the cells, enhanced mass transfers which ultimately results in the 
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liberation of the phenolics compounds hence loooe is optimum. Since the solvent is 
water which is polar, one would expect the extraction of the phenolic compounds to 
be relatively lower at lower temperatures and hence less effective against a radical. 
This is because at lower temperatures, the water has minimal capacity to dissolve 
substances because it has a relatively high surface tension and hence not as diffusive 
as when heated. Minimal target molecules will be liberated from the organic matter 
at lower temperatures. 
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Figure 5.15: DPPH radical scavenging activity of fractions extracted at different tempera-
tures. 
Figure 5.16 below shows the efficiency of the Moringa Ovalifolia against the 
DPPH radical. Samples were collected from five different sites in Namibia to eval-
uate the radical scavenging activity and the geographical effects on the plant. The 
results show that all the five Namibian sites are not different as the response of the 
plant extracts against the DPPH radical was almost the same. However, site 4 is 
slightly different from the rest of other sites. The ability of the plant from site 4 to 
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reduce DPPH is slightly lower. It is possible that since Site 4 is a mining site, some 
of the phenolics compounds are not readily available in the presence of radicals as 
they could be already bound because phenolic compounds with dihydroxy groups 
can conjugate transition metals [59] hence possible active sites to donate a hydrogen 
to the radical minimal. 
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Figure 5.16: Comparison of DPPH radical scavenging activity of Moringa Ovalifolia from 
five sampling sites of Namibia and Moringa Oleifera of South Africa. 
Figure 5.16 shows a comparison of the effectivenes of the two Moringa species 
against the DPPH radical. Moringa Oleifera is significantly effective against the 
DPPH radical as compared to Moringa Ovalifolia. The former reduces the radical 
by about 30% while the latter reduces it by about 12%. 
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5.10 l\1etal content of the aqueous Moringa sp leaf ex-
tracts 
5.10.1 Calibration curves 
The calihration curves used for quantitication for all metals are shown helow. The 
calibration curve was linear from 0.1 mg L -\ to 1.0 mg L -\ concentration range. 
The linearity wa~ good as all the correlation factors were above 0.99. The results 
were found to be reproducible and the limits of detection arc found below in Table 
5.0. 
Table 5.0; LOD and LOQ 1'01' nutrients 
Nutrients LOD LOQ 
jig L- 1 fl.g L-\ 
ea 1.07 10.67 
K 0.12 1.20 
Mo c 0.04 0.4 
Na O. I ~ I.SO 
Li O.Oh O.h I 
Al O.OS 0.8 
Ba 0.15 IA0 
Co OJ14 o.:n 
Cu 0.04 o.:n 
Fe (l.()2 0.2 I 
Mn o .Oh 0.62 
Ni 0.0 I 0.12 
Si 0.01 0.10 
Zn n.07 () .h6 
04 
1.2 Y = 1.0724x - 0.0419 
R' =0.9988 
1 
y = 0 .9644x + 0.0086 
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II 
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Figure 5.17: Typical calibration curve of Ca, K, Mg, Na, amd Li. 
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Figure 5.18: Typical calibration curve of AI, Ba, Co, Cu, Fe and Mn. 
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5.10.2 Metal content in the PHWE extracts, microwave digested 
and boiled samples 
In this study, the metal content of both Morillgo O\'{//itC)/io and Mnrillga Oleijera 
were investigated. Comparison was made between pO\\llcr obtained from the leaves 
that was digested in the microwave and powder that was subjected to pressurised 
hot water extraction (Figures 5.20, 5.21,5.22,5.25). Further comparison was made 
with boiled leaf powder for Moringa Oleile/"{{. The two plant species were found to 
have minerals which arc classified as macro and micro clements. Just as the name 
suggests, the former are minerals that are needed in large quantities while the latter 
arc needed in minute concentration. 
When evaluating the extraction of the macro elements of Morillgil Oleijem using 
Pl-\WE. the metals were extracted differently. Na as compared to Ca, K and JV1g 
increased with increasing temperature. The same trend was observed in Morillg(l 
O\'{/Iij'o/i(l. Sodium is vital in maintaining turgidity within the plant stem. The higher 
the concentrations of sodium in the stem, the higher the osmotic pressure, and water 
flows into the stem to maintain concentration equilibrium. The lowest concentration 
of about SO() mg kg- 1 was found at 2S II C while the highest concentration of almost 
() oon mg kg- 1 was detected at 200()C. It is possible that the Na are tightly bound to 
the active sites and so when the temperature increases they become loosely bound. It 
has been recogni7cdthat the amount of trace elelllents extracted depends principally 
on whether the compound is strongly bound to the matrix or more soluble in the 
solution employed r 112l. Since the other metals are just the same across different 
temperatures, it probably means that the metals of interest are loosely bound to the 
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active site as such any temperature can successfully facilitate their desorption. Na 
concentration from the microwave digested extract was approximately 500 mg kg-l. 
According to the study by Pakade et aI, (2012) [1131 the average concentration of 
Na in Moril7ga Oleijc'l'(( from the same farm was previously determined on a PHWE 
extract anc! found to he less than I OO()mg kg-I. The variation hetween this result 
and the mIcrowave result is understandable because the uptake of the mineral would 
have increa.sed slightly. However the discrepancy between the microwave, reference 
result and PH WE is too big. The expectation i.s that the microwave results are higher. 
This therefore implies that there could have been contamination. 
Potassiu1ll in Moril7go OInk/'({, was consistently higher in all the three applied 
extraction techniques with values ranging between 15 (JOO to 22 OO() 1l1g kg I. Potas-
siu1l1 is one of the most abundant clements in the leafy materials 1l14J and hence the 
high v:ilues are consistent with literature. The results are in agreement as they arc all 
high implying that pota.ssium is quantitatively extracted by boiling as well as PHWE. 
Potassium is highly concentrated in the plant leaves and it plays pivotal roles in the 
plants. It transports water and nutrients throughout the plant in the xylem vessels. 
When potassium supply is reduced, translocation of nitrates, phosphates. calcium, 
magnesium and amino acids is depressed 1115 I. The presence of K in the plants 
activates various enzymes to catalyse their respective reactions ego It is vital for the 
enzymes nitrate reductase, the starch synthetase that catalyzes the formation of pro-
teins and starch respectively. Potassium is also needed to regulate the opening and 
closing of stomata to allow exchange of carbon dioxide, water vapor, and oxygen 
with the atmosphere during transpiration process. Stomata are essential for photo-
synthesis. water and nutrient transport and plant cooling and thus the general upkeep 
of the plant. These reasons highlight that potassium is indispensable to plant life 
and hence high concentrations are detected. Morillf;({ Om/i/()/iu from flve sampling 
sites in Namihia showed concentrations varying from about 4 000 mg kg- I to about 
13 (JO() mg kg I. The variation is acceptahle hecause geographic patterns of leaf 
minerals composition may he related to climatic variahles. including temperature. 
precipi tation. length of growth season and cl i matic variahil ity II 161. 
Calcium is a major element needed in higher concentrations in the plants. Cal-
cium as according to Figure 5.20b and c is the second most abundant in Morillga 
Olcijel'{l. In microwave digested powder from the leaves. calcium was found to be 
about R (JO(J mg kg- 1 while in PHWE extracts it was found to be about 9 (JOO mg 
kg-I. In the study done by Pakade el ul. (2() 12) 11131 the amount of calcium ob-
tainecl "as I X :'i()() mg kg -I which is signilicantly hIgher. The results of calciulll 
in PHWE leaf powder extracts of Morillgu O\'u/i{o/i({ were on average found to be 
2000 mg kg-I. While the MAE results were very high. both results are accepted 
hecause the solubility of calcium under different conditions changes. Calcium in 
boiling is significantly lower as compared to the other two extraction techniques. 
This means that when boilinp.. the conditions arc not suit;\hle for ('mcient extrac-
tion of calciulll as. the movement of Ca"+ relies upon the rate of water movement 
and the Ca:!-i -hinding capacity (absorption - desorption) of the intervening matrix 
11171. Cllciulll i.s needed to maintain a strong and thick cell wall. It is also criti-
cal for producing strong structural rigidity by forming cross-links within the pectin 
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polysaccharide matrix II 18]. Calcium is thought to influence the development of 
heat shock proteins that enable the plant to tolerate the stress of prolonged heat. 
With rapid plant growth, the structural integrity of stems that hold tlowers and fruit, 
as we II as the qual ity of the fru it produced, is strongly cou pled to calci um avai labi Ii ty 
11191· 
Magnesiul11 is a major constituent of the chlorophyll molecule and hence it is 
actively involved in photosynthesis. Across all the three extraction techniques used, 
the amount extracted frol11 Moril7g([ Olciteru is almost the same at about 4 000 l11g 
kg-I. This shows that PHWE is highly efficient in the extraction of Mg as it COlll-
pares well with MAE which is considered as a highly efticient extraction technique. 
The results from boiling extracts showed that when Moril7g(( Olcitem is considered 
for value acldition in food, nutrients like Mg can be released when the leaf powder is 
taken as tea. In PHWE of Moril7g({ O\'{//i(o/io from site 4, magnesium concentration 
cloe.s not change with increasing temperature. An average value of ahout 5 OO() l11g 
kg I was found with MAE while for PI-IWE the value is around 2 000 l11g kg I 
Extraction was done at 25, 100 and 1501l C. 
The results are slightly lower than 5 S()O mg kg-I that Pakacle cl 01., (2012) II \J 1 
found in a study of Moril1go OICi/C'I"C1 in South Africa. The variation could be due to 
the stage of maturity of the leaves at the time of harvest 11201. Moril1go OI'olito/iCl 
from all the live sampling sites, showed values ranging from 4 000 to 8400 111g kgl 
of Mg. Even though no reports ha\'e been documented on the mineral composition of 
Moril1g(l O\'(/Ii(()/io these results compare well vvith Olci(cm species which ranges 
around 4 OO() Illg kg-I. The results also showed great variation among themselves. 
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This plant grows naturally as such many factors such as the soil composition and 
climatic conditions can inftuence the mineral compositions. 
Generally the amount of metals extracted using PHWE were signiflcantly lower 
than the amount recovered using the microwave assisted extraction. This is consis-
tent with literature because MAE is much more efficient. In MAE, heating occurs 
in a targeted and selective manner with practically no heat being lost to the envi-
ronment as the heating occurs in a closed system 1921. One other reason microwave 
l"xtrdction is erticient IS because. there is a~ylllTglstic comhination of the heat and 
mass transfers working in the same direction as seen in Figure 2.14 as opposed to 
conventional extractions where the mass transfer occurs from inside to the outside 
yet the heat transfer occurs from the outside to the inside of the substrate. The great 
advantage of microwave heating is that all of the sample ftuid is heated, allowing 
the extraction solution (solvent and sample) to reach the desired temperature more 
rapid Iy and avoi di ng a thermal gradient cau.~ed by conventional heati ng 1631. One 
Illore reason of good efficiency of the microwave could he attrihuted to the fact that. 
the use of closed systems reduces the risk of losses ilndthe fact that microwave irra-
diation recluces overheating problems which could also minimise the clegradation of 
analytes 1631. 
Micro elements concentration were also evaluated as shown in Figure 5.22. 
Trace elements have both a curative and a preventive role in combatting diseases 
ISO. 8. 321. It is very important to know the level of mClcro- alld micro-elements 
in medicinal plants and herhal medicaments ami to estimate their role as sources of 
these components in the human diet because. at elevated levels. these metals can 
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Figure 5.20: Variation of macro elements, a) when the Moringa Oleifera leaf powder was 
digested, b) an insert ofNa and Li , c) when the extraction was done at various temperatures, 
d) when the powder was boiled, e) an insert of Ca. 
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Figure 5.21: Comparison of macro elements of PHWE extracts (25°C) and MAE digested 
(site 4) of Moringa Ovalifolia. 
also be dangerous and toxic [8]. Comparison of the micro nutrients in MAE and 
PHWE shows the highest concentration to be of iron in Moringa Oleifera. A value 
of about 290 mg kg- I was found with MAE while the highest in PHWE is around 
90 mg kg-I. In boiling, only about 4 mg kg- I was recovered. This explains why 
the plant is given to nursing mothers in Phillipines [20] so that the Iron lost during 
delivery can be restored. In the same farm a study done previously by Pakade et al 
was found to have 390 mg kg- I in the year 2006,610 mg kg- I in 2010 and 440 mg 
kg- I of iron. While the previous study shows variation of the iron concentration in 
the same farm within the years, it showed that the concentration of minerals may 
vary depending on various factors. This therefore means variations of results in any 
given study at any given time may show different trends to the previous studies and 
hence the criteria of acceptance of results should not be influenced by previous re-
suIts. According to the Tolerable Upper Limit (TUP) as seen below in Table 5.10, 
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the plant ex trac ts ca n be used for va lue add iti on into various food products. The 
fairly high content of th e variou s metal s in the extracts compares we ll wi th Tolera-
ble Upper Limit in Table 5. 10. A T UP of Fe is 45 mg day-I. Generall y al l the limits 
do not exceed w hat is found in the plant spec ies. 
Tab le 5. 10: Tolerable upper limit intake of' mineral s [12 1) 
Minerals Tol erable Upper Limit 
mg day-l for adult s 
Mn II 
Z n 40 
Fe 45 
Sc 10 
ea 2500 
M g 350 
The second highes t concentrati on in MA E was silicon at about 225 mg kg - 1 
fo ll owed by manganese at about 145 mg kg - I , alumi niun at about 130 mg kg - l and 
then barium, coba lt, copper, ni ckel and zinc all under 50 mg kg - l. The effi ciency 
of the PHWE is depicted by Figure 5.22b as it compares we ll w ith the trend in 
Figure 5.22a. In PHWE Fe was extracted in highes t amount fo ll owed by by Mn 
and Si . The PH WE result s also show that almost all mi cro elements increase w ith 
increas ing temperature. B ariu1ll however is constan t w ith increasing temperature but 
copper deCl'eases w ith increasi ng temperature. 
T he results obtain ed by ex tracti on by boiling showed that Mn is the highest con-
centration w ith va lues closer to that of the MAE. Manganese is naturall y occurring 
in ma ny sur faces, ground water sources and in soi ls and may incre;lse levels of M n 
in drinking water. The ,vater used fo r boiling was tap water as such thi s coul d have 
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contributed to the positi ve error. The concentrations were found to decrease in thi s 
order, Mn > Si > Ba > Cu > A I > Zn > Fe > Ni > Co. There is no permi ss ible 
limit prescribed in loca l food law or by World Hea lth Organ iza tion (WHO). how-
ever, range of 4- 15 ppm for Cu and 15-200 ppm for Z n is considered to be safe [I 11 . 
Even though some of the essenti al elements do not have th e recorded permissib le 
leve ls, the va lues in thi s plant are companlble to other medici nal pl ants. 
Whcn comparing the micro elements of all the sites from w here Ol'o/ i/olia sp 
was obtained as seen in Figure 5.25, the amount of arsenic is ve ry high for site four. 
T hi s is w here mining occurs. It is poss ible that the so il s of which the plant is grow ing 
in are contaminated as such the mineral s are uptaken by the plant. Most p lants that 
survive in toxic so il s do so by either, avoiding heavy mctals. or. hyperaccumul at ing 
thcm in their tissu es r 1221. Metal hyperaccul11ulating spec ies have bcen identifi ed in 
at leas t 45 plant famili es and indi vidua l spec ies (or even popul ations) ca n accumu late 
di fferen t meta ls such Zn . Cd . Cu. Co. N i. Se and As or particular combinati ons of 
these 11 221. Meta l hyperaccul11ulation is a phenomenon ge nerall y assoc iated w ith 
speci es endemic to metalliferou s so il s and it is fo und in onl y a very small proporti on 
of such metallophytes 1122]. The relation ship between the concentration of heavy 
metal s in soil may lead to increased uptake by plants r 1231. 
The uptake of chemical species by plants in soi ls is ci epencient on vari ous plant 
factors. These include: ph ys ica l processes such as root intrusion . wa ter. and ion 
Au xes and th eir relati onship to th e kin eti cs of me[,iI so luhili zati on in so il s; bi o-
log ical parameters. including kin eti cs or memhrane transport. ion interactions. and 
metaboli c fate of absorbed ions: and the abilit y o f plants to aclapt metabolica ll y to 
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changi ng metal stresses in the envi ronment l1241 . In other words, uptake of miner-
als by roots depend on the movement of the mineral elements to the roots surface 
due to the concentration gradient. In addition to that, root interception where soil 
vo lume is di splaced by root volume due to growth and 11251. Trace element uptake 
by roots depends on both soil and plant factors (e.g. source and chemi ca l form of 
elements in so il. pH. organic matter, plant species. plant age. etc.) 19) . Arse nic 
compared to other chemica l spec ies Illay be hi ghl y so luble in the soil s and hi ghl y 
mobile in the plant reaching up to the lea ves . Havi ng said that. it is worth noting 
that Arseni c is a toxic metal espec iall y in hi gh concentrations. Fe concentrati on is 
genera ll y hi gh with va lues rangin g between 100 and 200 mg kg~l for all the sam-
pling sites in Namibia. Figure 5.24 shows that the concentration of arsenic and other 
micro nutrients is constant with temperature while for iron and silicon increase wi th 
increasing temperature temperature. 
In general almost all the metals in the plant lea f powder wc re quantitati ve ly ex-
trac ted by the PHWE system, microwave diges ti on and boiling. This is very impor-
tant ror value additions 01" Mo)"illgo ex tract s into va ri ous food products. 
107 
a) 
40000.00 
110 35000.00 ..'Ii:: 
........ 
110 30000.00 E 
I: 25000.00 
.9 
1il 20000.00 ... 
1: 15000.00 fI 
I: 10000.00 0 
u 5000.00 
0.00 
Ca K Na Mg U 
m aero e lem ents 
10000.00 - b) 
110 8000.00 ..'Ii:: , ~ 
E 
c: 
c 
6000.00 -
i 
.. 4000.00 ~ .. c: 
CIJ 
u 
c: 
c 2000.00 "1 U 
0.00 
Ca J( Na Mg li 
macro elements 
. 25·C . 1 00~C . 150·C 
Figure 5.23: Variation of macro elements a) when the Moringa Ovalifolia (site 4) leaf 
powder was digested b) when the extraction was done at various temperatures. 
108 
1200.00 ., 
~1000.00 
be 
E 800.00 -
c 
o 
.~ 600.00 
... 
... 
C 
ell 
u 
C 
o 
u 
400.00 -
200.00 -
0.00 
AI As Ba Cd Co Cr Cu Fe Li Mo Ni 5e 5i Zn 
micro elements 
. 150 ·C 
Figure 5 .24: Variation of micro elements of Moringa Ovalifolia leaf powder at different 
extraction temperatures from site 4. 
250 -
Jf 200 -
b:6 
E 
c 150 
-0 
i 
.. 
... 
c 100 GI 
... 
C 
0 
u 
50 ~ 
0 
AI As Ba Cd Co Cr Cu Fe Mn Mo Ni Se Si Zn 
Namibia 
• site 2 site 3 . site4 • siteS 
Figure 5.25: Variation of micro elements with different sampling sites when Moringa Oval-
ifolia leaf powder when the extraction was done at 25°C. 
109 
Chapter 6 
Conclusions and Recommendations 
Summary 
This chapter gives a sUlllmary of the findings of the study. It compares trends 
of Morillgu O/eijl'J'(/ and Moring({ Om/Uri/iii ohtained with antioxidant properties 
ba:"ed on the radical scavenging activity. lhvonol content and reducing ability in-
dicator.~. It fll1'ther di:"cll.~se~ the efficiency of PI-IWr: of essential eO\llp()lInd~ from 
two Moringil plant species. It sLlll1marises the optimum conditions for the extraction 
of the investigated essential compounds and further highlights the most abundant 
minerals in the plant species. It also gives a brief summary of the order of reaction 
k i net ics. 
I I () 
6.1 Conclusions 
In this study a novel technique of extracting essential compounds from Moring({ sp 
using pressurised hot water was successfully developed. Properties of water were 
manipulated to make it suitable for dissolving less polar substances. Water at am-
bient temperature and atmospheric pressure is polar and thus dissolves only polar 
substances. However. upon heating water at high pressures of ranging between I 
ooa and over 2 000 psi resulted in the weakened hydrogen forces of attraction mak-
ing water less polar. It became less viscous with decreased surface tension anc! ulti-
mately more diffusive. It thus resulted in the enhanced capacity of water to dissolve 
less polar substances. 
The antioxiciant properties of Morin/.;o O/ci(c'm and M()rin,~(f Om/ijrl/ill leaf ex-
tracts wcre eyaluated using two indicators. The ahility ()f the plant leaf extract to 
rcducc potassium fcrricyanidc ane! to donate hydrogen and scavenge for the DPPH 
radical. The two Moringo sp were fOLlnd to haye antioxidant properties. For the 
Moringo O/eiferc/, the optimal extraction temperature for DPPH analysis was found 
to be IOOIIe. The fraction collected at IOOlle had the ahility to reduce the radical 
hy 45%. Higher temperatures degrade the phenolic compounds that have the ahility 
to reduce the radicals while lower temperatures do no sufficiently facilitate the des-
orption of those phenolic compounds. Even though Moringa Om/Ur)/io has radical 
scavenging activity. it is not as effective as the Morillgo O/eircm. At the same ex-
traction temperature of 25 11 e. Morillg({ O/ei/c'ru had the ability to reduce the radical 
by 30% while Moringa Om/iro/ia could only reduce by 12%. 
The reducing activity results show that the two Morillgo species have the ability 
III 
to reduce ferricyanide to the ferrous form. The results of Moringo Oleifem show 
that the efficiency of the ability to reduce the ferricyanide is dependant on the tem-
perature of extraction. At high extraction temperatures the PHWE leaf extracts are 
more effective. However. Moringa O\'(//ifo/io"s ability to reduce ferricyanide is not 
influenced by extraction temperature. The results also show that boiling the Moril1go 
Oleifem leaf powder liberates the compounds that reduce fcrricyanide. Unlike the 
DPPH study \vhich shows that Moril1go Oleifem is better. Moril1g({ O\'{{fifofi({ is far 
much better in the reducing activity. 
Three flavonols namely kaempferol, myricetin and quercetin were extractcd and 
quantified using the HPLe. Myricetin being more polar was eluted first followed by 
quercetin and lastly kaempferol. Kaempfernl \vas found to be more abundant than 
the other flavonols in Moril1gu Ofeijcro. In Moril1go O\'{/fij()fio. quercetin is much 
more abundant. Of the five sampling sites in Namibia it was found to be dominant 
in three sites. An extraction temperature of IOOlle was found to be optimal for the 
release of quercetin and kaempferol. Myricetin docs not survive harsh conditions of 
acid hydrolysis as such no peaks were found after hydrolysis. However. myricetin 
was detected after hydrolysis for Moril1go O\'{/fij()fiu. 
The kinetics order of extraction was found to be tin·;! order for all f1avonols at 
1501le. Quercetin was found to be both first and second order of extraction at 15()lle 
while kaclllpi"erol followed both first and second order at I aolle. At I OOIie. quercetin 
followed second order while myricetin followcd tirst order. At 2:'i1le. quercetin and 
kaempfcrol were found to be second orckr while nwricetin was found to be first 
order. 
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Essential minerals were also quantitatively extracted in the Moringa O/ci/,cra 
and Moring({ Ol'uli/,o/i(l extracts from leaves. Macro nutrients extracted were Ca, K, 
Na and Li while the micro nutrients detected were AI, Ba. Ca. Cu. Fe. Mn. Ni. Si 
and Zn. The PH WE system was found to be efficient as the values for the metals 
extracted were reasonably high as those of the MAE. The study revealed that boiling 
the powder from the leaves does extract some minerals too. Potassiulll followed by 
calcium are the most abundant macro elements in Moring{/ O/cif'era. [n Moring({ 
()m/i(o/iu. potassium is the most ahundant at sites I and 2 while 3 . ..:f and :=; sites are 
higher in calcium. Iron is the most abundant micro element in hoth Moringo species. 
Arsenic was found to be in high concentrations in site 4. 
Plants grown in contaminated areas have a high risk of having heavy metal con-
centrations beyond the permissible limit for each of them as compared to the less 
contaminated areas. Moring{{ OI'{{Ii(o/iu growing naturally in site 4 around the min-
ing site was found to accumulate arsenic. Arsenic is a toxic metal particularly in 
high concentrations. Symptoms of long-term exposure of high levels of arsenic (e.g. 
through drinking-water and food) are ohserved in the ~kin. and include pigmentation 
changes. skin lesions which may later develop into skin cancer. 
The physical properties of the two species are difl"erent. Generally the Ol'{{/ij()/i{{ 
.ljJ is fairly big. the leaves are bigger and broader and so is the stem. When the 
powder from the leaves is compressed under pressure and temperature it becomes 
a sticky paste while ()/ci(cl"({ .If! is non sticky. The Ol'll/i/()/i{/IP grows even in the 
rocky places and mountains while its coullterpart thrives in sandy loamy soils. It 
grows to hecome a thick tall bush while O/Ci/c'J"(1 is tall and tiny. 
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The mcthod of Folin-Ciocalteu proceciure used for the total phenolic contents 
is good as it indicates the prcsence of rhenolic constituents in the plant extracts. 
However it has its disadvantages as it docs not give a full picture of the quantity 
or quality of the phenolic constituents. It is difficult to find a specific and suitahle 
standard for quantification of phenolics due to the complexity of plant phenolics 
as well as existing differences in the reactivity of phenols towards reagents used 
for their quantification 1551. There is also a likelihood of interfcrcnce hy proteins. 
nucleic acids and amino acids which are UV-absorbing substances. 
6.2 Reconllnendations 
• This study was targeted for the three flavonols (myricetin. quercetin and kaempferol). 
Further studies on other classes of Aavonoids such as Aavanols. Aavones. isoflavones 
and Ilavonones should be done to have detailed understanding or polyphenols 
present in the Moringn species. 
• The I'HWL technique has proved to be an effiCient and crfective extraction 
technique. Because it is also environmentally friendly. it should he uscd for 
the extraction of analytes from plant material as compared to conventional 
methods. 
• In this study, temperature was varied while pressure and sample size were 
maintained to evaluate the cfliciency of the temperature during extraction. A 
similar study can be done varying pressure and sample size to evaluate the 
best kinetics of extraction. 
11-1-
• Development of phytoremediation technologies of contaminated soils could 
be considercd particularly for where medicinal planh like Moril1gu Omlit'o/ia 
grow, 
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Emanating from this research are the following; 
• A patent of tile numher; PCT/IB20 131058765 of the title "Extract from Mori-
g{{CCOC and a method to prepare the extract" has been filed . 
• A manuscript entitled "Development of Pressurised I-Iot Water Extraction (PHWE) 
for c.~scntial compounds fronl Moril1g(f O/ci/c'l"lI leaves" is submitted to Food 
Chemistry. 
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